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PREFACE 
Worldwide te lev i s ion  and other news coverage of spaee f l i g h t  
missions, mnned and unmanned, has brought U , S ,  space achievements 
before the  l a rge s t  audience i n  his tory .  The benef i t s  and impac-b of the  
U.S. space program on socie ty  a r e  j u s t  beginning t o  be understood. The 
spectacular achievements i n  space have overshadowed the  l e s s  dramatic 
bu t  equally important s to ry  of the  many benef i t s  t he  country is r e a l i z -  
ing from our space program. This t h e s i s  w i l l  discuss not only s c i e n t i f i c  
and technological benef i t s  but  t he  i m p c t  space is having on our society,  
our technology, our i ndus t r i a l  economy and our planetary environment. 
The question of benef i ts  t o  t he  economy from the  space program 
is a very important one, especia l ly  t o  the  Congress and t o  NASA, f o r  
jus t i fy ing  the  annual NASA space budgets. Many documents a r e  ava i lab le  
on the  subject  which include government repor ts ,  speeches, s tudies  and 
ed i t o r i a l s .  The most applicable of these documents have been researched 
and u t i l i z e d  i n  the  preparation of t h i s  t h e s i s ,  Acknowledgement i s  given 
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WHAT RETURN IS  THE UPJITED STATES RECEIVING FROM THE SPACE PROGRAM 
Introduction 
Space F l igh t  has been t he  subject  of many f i c t i o n a l  s t o r i e s  
dat ing back in to  an t iqu i ty .  Some of t he  b e t t e r  known examples include 
t he  s to ry  of t he  Greek Art isan Daedalus and h i s  son Icarus whose 
feather  wings held  together by wax came apa r t  as they flew too c lose  
t o  t he  heat  of the  sun. Ju l e s  Verne's prophetic s to ry  of a rocket  
t r i p  t o  the  Moon is  a l s o  i l l u s t r a t i v e  of t he  f a c t  t h a t  many persons 
have cor rec t ly  predicted t h a t  mankind would someday embark on a pro- 
gram of Space Fl ight .  
This fasc ina t ion  with the  p o s s i b i l i t i e s  of Space Fl ight  does 
not unanimously extend i t s e l f  t o  the  layman when it becomes a tmtter  
of deciding whether t a x  money should be spent f o r  t r a v e l  t o  the  Moon 
and other places. For t he  most part,  t he  public who a r e  a l s o  the  
persons financing the  national  space e f f o r t  cannot understand why 
b i l l i o n s  of do l l a r s  a r e  being spent f o r  space ventures when so much 
remains t o  be done on Earth. 
M r ,  Dale Myers, Associate Administrator f o r  Manned Space Fl ight ,  
i n  a November 1970 speech and press conference before members of t he  
Long Island Association i n  Garden City, N.Y. made some posi t ive  comments 
about t h e  benef i t s  of the  space program; 1 
The Soviet r a t e  of launching i s  increasing even while 
ours b.merican7 - i s  decreasing . 
The U, S. is j u s t  about a t  rock bottom 1$3,6 b i l l i o n  fo r  
NASA, $6 b i l l i o n  t o t a l  fo r  U,S .  f o r  197q9 a s  f a r  a s  
funding f o r  space i s  concerned. If anything, more 
funds should be funneled in to  the  space e f f o r t  - and 
f o r  the very practical reason that it has paid off, 
Throughout oux industry we see tba'usands of new 
techniques, new products, and a great number of 
whole new companies formed t o  provide these  goods 
and services.  
Dale Myers mentioned some y ie lds  from previous American s-pace 
e f fo r t s :  
A very favorable balance of t rade  i n  aerospace 
and computer sa les  abroad, a grea t  advance i n  
t h e  techniques of management of very l a rge  tech- 
nological  enterprises,  s a t e l l i t e  communications, 
in te rna t iona l  TV, new computer controlled t rans -  
mission systems world-wide i n  scope, improved 
weather forecasting,  medical treatment and 
hosp i ta l  automation and education techniques. 
M r .  Myers saw ecology a s  a f r u i t f u l  a rea  of study; 
The space age has enabled man t o  examine and 
measure t he  ear th  as an  e n t i r e  planet, avoiding 
t he  laborious and of ten t h e  impossible t asks  of 
assembling b i t s  and pieces of information simul- 
taneously from a l l  over t he  surface. Probably 
t h e  most important contribution t h a t  can be made 
by observations from space i s  t o  determine whether 
t he  basic  cycles of the  e a r t h ' s  biosphere a r e  being 
disturbed by human ac t i v i t y ,  and i f  so, how much. 
There a r e  many answers t o  the  questions ra i sed  about the  why and 
wherefore of t h e  Space Program. This t h e s i s  w i l l  attempt t o  point out  
t he  benef i t s  of t he  Space research. I n  general, it can be s ta ted  t h a t  
most people have an exaggerated idea of the  proportion of national  money 
spent on Space. For example, from 1960 t o  1969, a t o t a l  of $49.7 b i l l i o n  
was spent on the  American mi l i t a ry  and c i v i l i a n  space e f f o r t  with an  
annual average expenditure of $5 b i l l i on .  This t h e s i s  w i l l  be l imi ted 
t o  the  c i v i l i a n  e f f o r t  except i n  those instances where it is  necessary 
t o  r e l a t e  one program t o  the  other.  The f igures  fo r  the  c i v i l i a n  
e f f o r t  a r e  an average of $3.56 b i l l i o n  spent i n  each of the  10 years 
between 1960 and 1969. The $49.7 b i l l i o n  represents  four percent of 
a l l  f edera l  t ax  col lect ions  f o r  the  decade or  l e s s  than of 1% of the  
gross national  product. 
To put these expenditwes fo r  space work i n to  perspective, some 
c o m ~ r a t i v e  spending f igures  by Americans f o r  the  same time period are 
presented, Americans spent $l2.3 b i l l i o n  a year f o r  abcohoLie beverages; 
$7.9 b i l l i o n  fo r  tobacco; 5.3 b i l l i o n  a year fo r  radios, TV's, records; 
2 $5.2 b i l l i o n  a year f o r  shoes and other footwear . A l l  of these  expendi- 
t u r e s  equal or  subs tan t ia l ly  exceed t he  space expenditures. 
The September 10 issue of Long I s l and ' s  da i l y  newspaper ca r r ied  
t h i s  headline on t h e  back page; "Rover Ehts High on t he  Hog". The 
a r t i c l e  s ta ted  t h a t  Americans spent $1 b i l l i o n  i n  1969 feeding t h e i r  
25 mill ion dogs and 20 mil l ion ca t s .  The forecast  f o r  1970 was $1.16 
b i l l i o n  and $1.5 b i l l i o n  by 1975. This expenditure which i s  constantly 
r i s i n g  is  up from a $600 mil l ion expenditure i n  1965. The a r t i c l e  c loses  
with t he  crypt ic  statement tha t ;  "It i s  perhaps a s ign of the  times t h a t  
t h e  U,S. consumers now spend more annually on prepared pet  foods than 
they do fo r  canned baby foods".3 The a r t i c l e  could a l s o  have sa id  that 
Americans spend only s l i g h t l y  more than th ree  times as much on the  
c i v i l i a n  space e f f o r t  which i n  1969 reached i t s  planned c l i m x  with the  
manned landing on the  Moon. 
An analysis  of these  comparative f igures  would seem t o  indicate  
t h a t  t he  space budget i s  not t he  crushing f i nanc i a l  burden that many 
people think it is  or, i n  fac t ,  i s  not a burden a t  a l l .  A smoker o r  a 
drinker would ce r ta in ly  not f e e l  that h i s  expenditures f o r  c iga re t t e s  
o r  highballs  a r e  adversely a f fec t ing  h i s  personal finances i n  a s igni-  
f i c an t  mnner. Considering the  f igures  presented, can the  l e s se r  
expenditure f o r  the  space work be considered excessively burdensome 
t o  the  country o r  t o  individual  taxpayers? This i s  a question t h i s  
t h e s i s  w i l l  attempt t o  answer. 
I n  addi t ion t o  t he  argument of d i r ec t  cost, det ractors  of the  
space program mke  use of t he  ra t iona le  of using funds a l located f o r  
space f o r  more necessary problems a t  home, such a s  cancer research, 
building schools, feeding the  poor, e tc .  It i s  an established f a c t  
that a l l  of these domestic soc ia l  problems have been with us f o r  
irl gorld Reaction t o  Moon Flight,  
1969, P. 21. 
3 ~ l a r e n c e  Newman, "Rover Eats High on the  ~ o g " ,  , September 23, 
1970, p. 96, business sect ion,  
years. There i s  no wraulCee nor i s  it l i k e l y  that t h e  money diverted. 
from S-pce Research would be a l located fo r  soc i a l  problems. O r ,  if the  
money were reallocated,  that It would mke  any app reehb le  differeaace 
i n  the  outcome of these  laudable soc i a l  programs. 
D r .  Wernher Von Braun succinctly s t a t ed  t h i s  same sentiment i n  
1964 : 
I do not believe t ha t  i f  t h i s  E p a c e 7  budget were cut  
any subs tan t ia l  increase would accrue t o  these  other 
programs - Lzefense, agr icu l tu re  and welfare7 programs 
which I incidenta l ly  consider very worthwhiie. Based 
on my own personal experiences before congressional 
committees, I do not believe t h a t  these  annual appro- 
pr iat  ions a r e  so le ly  the  r e s u l t  of f i s c a l  f inagl ing 
with f igures,  with funds being taken from t h i s  agency 
and applied t o  t h a t  agency, l i k e  some a c t  ca r r ied  out 
under a master plan. I bel ieve t he  approach taken 
by our e lected o f f i c i a l s  is  one i n  which each program 
must stand o r  f 11 on i ts  own merits, a s  viewed by t h e  
American voter.  .@ 
I n  t h e  a rea  of technological innovations, D r .  George E. Mueller, 
former Associate Administrator f o r  Manned Space Fl ight  f o r  NASA, sa id  
t h i s  i n  a recent  speech: b?ihe t he s i s  w i l l  discuss these innovations 
and t h e i r  significance i n  greater  d e t a i l  - .7
Over 2500 technological innovations have been d i r e c t l y  
a t t r i bu t ed  t o  t he  space program, including new alloys,  
miniaturized e lect ronic  components, non-flammable cloth, 
biomedical equipment of mny types, new food treatment 
methods, inorganic paints, new f l ex ib l e  pipe f o r  f l u i d  
cOnveTnce , grea t ly  improved ba t t e r i e s ,  micro miniature pa r t s  
4 ~ e r n h e r  Von Braun, "The Future of  pace", Proceedings of t he  Fourth 
National Conference on the Peaceful Uses o 
Administrat ion document SP51, Sc Sent i f  i c  and Technical Infortzit ion 
Division, Washington, D, C., p. 73. 
S ~ d d r e s s  by Dr, Gs3arge E, Mueller, Associate Adsainistrator for Manned 
S p e e  Flight, Na"Liom1 Aeroaazutics and S-pace Administration made 
before t h e  Hew York Society of Xeeurlty Analysts, N e w  Vlerk City, 
Jan. 28, 1969, p. 11. 
In  t h e  area of economic benef i ts ,  D r ,  Mueller had t h i s  t o  say i n  
the same speech: /The t h e s i s  w i l l  cover the  economic a rea  i n  g r ez t s r  
- 
detai2.f -
Ski l led workers and s c i e n t i s t s  have been employe6 i n  
our space program, with an  annual payroll  that peaked 
a t  2.7 b i l l i o n  i n  1966. This money was poured back 
into  the  economy f o r  goods and services  i n  every s t a t e  
i n  the  nation. For we a r e  not, a s  you wel l  know, 
spending our money i n  space or  on t he  Moon -- It is 
a l l  b e i  g spent r i g h t  here on Frank Borman's 'Good 
Earth ' . 8 
Space exploration has always been compared with other voyages of 
discovery and especia l ly  t h e  discovery of America. Mr. J. Lynn Helms, 
Vice President of the  Aerospace Systems Group, i n  a 1967 speech s t a t ed  
t h i s  : 
... The Queen of Spain mortgaged her jewels t o  
launch a small expedition t o  explore a new world, 
and Spanish galleons subsequently ruled the  seas  
f o r  a hundred years .7 
The public wants t o  know (and consequently so does t h e  congress) 
what the  benef i ts  of t he  Space Program are .  I n  addi t ion t o  t h e  many 
economic and technological benef i t s  t h a t  have accrued, the re  a r e  t h e  
in ternat ional  benef i t s  of increased national  prest ige.  This techno- 
l og i ca l  triumph has s i gn i f i c an t l y  increased t he  U.S. s c i e n t i f i c  s t a tu r e  
i n  t h e  eyes of the  people of many nations of t he  world, f r i end  and foe 
a1 ike . 
Arthur C. Clarke noted science f i c t i o n  wr i te r  sa id  i n  one of 
h i s  books : 
The road t o  the  s t a r s  has been discovered none too 
soon. Civ i l i za t ion  cannot ex i s t  without new fron- 
t i e r s .  It needs them both physically and sp i r i t ua l l y .  
6mia., p. 24. 
J. Lynn Helms, Vice President, Aerospace Systems Group, The Bend& 
Cor-pra,tion, presented a t  Rotary I n t e r m t i o w l  during the  University 
of Michigan's Sesquicentennial Celebrat ion, Sept , 13, 1967, Ann 
Arbor, Michigan. 
What Some People Say about t h e  Broad Values of Space Research 
Many persons and organizat ions of prominence consider t h e  over- 
r i d i n g  s igni f icance  of the  space age a s  another epochal extension of 
mankind's horizon, from t h e  e a r t h  t o  t h e  s t a r s .  The f i r s t  manned 
landing on t h e  moon is considered by many t o  be a momentous h i s t o r i c a l  
event which may change m n ' s  course of des t iny and perhaps determine 
t h e  leadership  of s o c i e t i e s  on e a r t h  f o r  generat ions t o  come. 
The 59 page repor t  c i t e d  above8 was compiled by M r .  P h i l i p  P. 
Dickinson of t h e  t echn ica l  staff of t h e  Committee on Science and 
Astronautics.  The m t e r i a l  i n  t h e  repor t  w a s  based on mater ia l  
gathered from sources i n  government, indust ry  and t h e  press and it 
includes speeches i n  support of t h e  space program from a n  impressive 
l i s t  of United S t a t e s  Congressmen. 
Some quotat ions pr in ted  i n  t h e  repor t  a r e  repr in ted  herein:  
President  Nixon - "In t h e  year 2000 we on t h i s  e a r t h  w i l l  have v i s i t e d  
new worlds where t h e r e  w i l l  be a form of l i f e "  ( t o  a group of s tudents 
a t  t h e  White House i n  J u l y  19693, 
Pres ident  Johnson - "we a r e  reaching f o r  t h e  stars.. .we w i l l  
not abandon our dream. . . .Future generations, looking back a t  our 
incredible  decade, w i l l  be unanimous i n  t h e i r  b e l i e f  t h a t  t h e  t r e a s u r e  
we have dedicated t o  sending man t o  explore the  s t a r s  was t h e  most 
s i g n i f i c a n t  investment ever made by any people"(at t h e  Manned Space- 
c r a f t  Center a t  Houston i n  May 1968). 
Hugh Dryden, former Deputy Administrator of t h e  National 
Aeronautics and Space Administration, i n  a n  a r t i c l e  e n t i t l e d  "The 
P o l i t i c s  of Space cooperation" i n  t h e  F u t u r i s t  of October 1969 s a i d  
"some s o c i a l  s c i e n t i s t s  have speculated t h a t  t h e  explora t ion of 
space might become i n  time a s u b s t i t u t e  f o r  war. Our hope would 
be t h a t  t h e  absorption of energies, resources, imagination, and 
agressiveness i n  t h e  explorat ion of space might contr ibute  t o  t h e  
maintenance of peace ". 
U Reportoof %he Couucnit"Lc, on Science and Astrom,u-ties, U,S ,  House of 
Representatives, Hine ty - f i r s t  Congress, Second Session, For the Benefi t  
of All Mankind - 
Sept, 14, 1970, p.2. 
Karl Ge Harr, Jr,, President of Aerospce Industr ies  Association - 
"There i s  a d i r ec t  and benef ic ia l  re la t ionsh ip  between curs sp8ce t ; f for t  
and t h e  strength and growth o f  our overa l l  economy, our standing among 
the  peoples and nations of t he  world, our rra,tioml survival  and our 
capacity t o  deal  e f fec t ive ly  with a l l  nat ional  needs." 
What t h e  Press Savs about t he  Broad Values of Smce Research 
The Washington Post i n  an a r t i c l e  by Haynes Johnson i n  t he  issue 
of Apr i l  9, 1970 sa id  "Some intimately associated with America's space 
e f f o r t  see i t s  grea tes t  achievement a s  a s t a t e  of mind....The space 
program is the  cleared proof t h a t  a nation can s e t  a d i f f i c u l t  goal  
and ca r ry  it out. If it has done nothing e lse ,  it has demonstrated 
how America can, when it wants to ,  m r s h a l l  i t s  t a l en t ,  commit i t s  
t reasure ,  gain public support, and achieve i t s  task.  I t  
Aviation Week and Space Technology i n  an  e d i t o r i a l  by Robert Hatz 
i n  t he  issue of June 22, 1970 said, "The Apollo program stands unique 
i n  t he  h i s t o ry  of man a s  a monolithic blend of technology and mnage- 
ment t o  achieve an unprecedented human goal ."  
A i r  Force and Space Digest i n  an a r t i c l e  by James J. Haggerty 
i n  the  issue of February 1970 said,  "The U. S. space investment is  
a l ready paying handsome dividends....which include new techniques, 
new processes, new services, new products, even new companies formed 
t o  exp lo i t  t he  wealth of technical  know-how accumulated i n  12 years 
of concentrated space effor t . . . .Substant ia l  a s  it is, t he  current  flow 
from the  wellspring of space technology i s  only a t r i c k l e  compared with 
t h e  f lood t o  come....within the  decade j u s t  s t a r t ing ."  
Fortune magazine i n  an a r t i c l e  by Tom Alexander i n  t he  issue of 
Ju ly  1969 said, "The r e a l l y  s ign i f ican t  f a l l o u t  from the  s t ra ins ,  
traumas, and endless experimentation of Project  Apollo has been of a 
sociological  ra ther  than a technological nature; techniques f o r  
d i rec t ing  t he  massed endeavors of scores of thousands of minds i n  a 
closeknit ,  mutua~ly  e h n c i v e  combination of government, university, 
and private iadustry,  T h i s  i s  wtent5ally the  most powerful t ~ o l  i n  
m n D s  history, I '  T h i s  Fortune a r t i c le  by Alexander i . ~ i Z l  be discussed 
a t  greather length. i n  Chapter ZPIof t h i s  t he s i s  under mmgement 
benef i ts .  
Some Public Tes-i;imouly about the Broad Values of S p e o  Research 
Dr, Glenn Te Seaborg, Chairman, Atomic Energy Commission i n  a 
statement on Ju ly  24, 1970 said, "Space Ekploration, ra ther  than being 
i n  opposition t o  meeting needs on Earth, i s  i n  f a c t  part of a search 
f o r  knowledge that is indispensable f o r  meeting those needs.. . . I 1  
The National Academy of Sciences i n  a repor t  t i t l e d ,  "Useful 
Applications of Earth Oriented S a t e l l i t e s "  said, "Sa te l l i t e s  a r e  our 
newest na tura l  resource .... Benefits, i n  some instances, a r e  predictably 
great;  i n  others  they may be matters of e i t h e r  judgment or  reasonable 
surmise. What is  ce r t a in  i s  t h a t  space technology can be exploited 
f o r  human good. " 
The Stanford Research I n s t i t u t e  i n  a publication t i t l e d ,  "The 
Benefits of t he  National Space Program and Their Application and 
Understanding by t he  American Public" i n  March of 1969 said, "Our 
Space explorers have developed t oo l s  t h a t  they have passed over t o  
other men. They have developed materials  t o  be used by other bui lders .  
They have evolved techniques t o  challenge creat ive  minds. " 
I ' v e  always f e l t  that we as a nation a r e  r i c h  enough 
t o  ge t  t o  t he  moon and solve t h e  problem of poverty 
too. I don ' t  agree with t he  people who say we should 
spend t he  money t o  go t o  the  moon on poverty instead. 
We could do both. What happened t o  poverty before we 
had a space program? What happened t o  poverty before 
we had a Vietnam war? 
Recently Representative James W. Symington of Missouri mentioned 
a s a t e l l i t e  use f o r  a problem of worldwide concern: lo 
It E a r t h  resources s a t e l l i t e 7  w i l l  monitor t he  
oceans as well, and warn managainst  t he  depredations 
of h i s  o i l  and f i sh ing  industr ies  which d i s tu rb  t he  
l i f e  cycle of t h e  sea, possible even jeopardizing 
the  order ly  process of oceanic photosynthesis from 
which most of our oxygen i s  derived. 
' Dick Gregory, ~ u l y  1969 special ~ssue cornem- 
orat ing t h e  f i  ding. 
lospeech by Representative James W. Symington, Missouri, Member of t he  
Committee on Science and Astronautics, on Apr i l  23, 1970 on the 
subject  s f  
8 
TECHNOLOGICAL BENEFITS 
The space program has been credi ted with generating and stimula- 
t i n g  technological development and s c i e n t i f i c  knowledge and there  have 
been unprecedented requirements f o r  precision and r e l i a b i l i t y  on t h e  
components of spacecraf t .  
Recently a l e t t e r  w a s  received by D r .  Ernst Stuhlinger, Associate 
Director of Science a t  the  NASA. Marshall Space Flight  Center, Huntsvil le.  
The l e t t e r  was wr i t t en  by S i s t e r  Mary Jucunda, a nun who works among 
s tarving nat ives  of Zambia, Africa. I n  her  l e t t e r  S i s t e r  Jucunda asked 
D r .  Stuhlinger how he could suggest t he  expenditures of b i l l i o n s  o f  
do l l a r s  f o r  a voyage t o  Mars, a t  a time when many children on t h i s  e a r th  
a r e  s tarving t o  death. D r .  Stuhlinger wrote a lengthy answer i n  which 
he thanked S i s t e r  Jucunda and expressed grea t  admiration f o r  t h e i r  work. 
D r .  Stuhlinger s ta ted  t h a t  he had known of famished chi ldren long 
before he knew t h a t  a voyage t o  t he  planet  Mars was technical ly  f ea s ib l e  
but  t h a t  he f e l t  t h e  space program would contribute much t o  t he  solut ion 
of these grave problems we a r e  facing here  on earth.  
Before t ry ing  t o  describe i n  more d e t a i l  how our space program 
i s  contributing t o  t h e  solut ion of our ea r th ly  problems, he r e l a t ed  an  
in te res t ing  t r u e  s to ry  which he thought would support h i s  argument. 
He t o l d  of a benign count i n  a small town i n  Germany about 400 years 
ago who gave a la rge  par t  of h i s  income t o  t h e  poor of the  town. The 
count a l s o  supported a man who was working on a glass  lens  apparatus 
t h a t  had magnification powers. The man was invited t o  become a member 
of the  count 's  household so he could devote f u l l  time t o  the  develop- 
ment and perfection of his op t i ca l  s d g e t .  
The townspeople became angry a t  t h i s  use of t he  count 's  money, 
They were suffering from the pJsgue and felt the m n  was mstir?_g his 
time on a useless hobby, The count remained firm. 
"I give you a s  much a s  1 can afford", he said, "but 
I w i l l  a l s o  support t h i s  man and h i s  work because 9: 
know that someday something w i l l  come out  of it. 'ill 
The microscope i s  w h a t  f i n a l l y  came out of t h i s  work 
and similar  work done by others a t  other places. It 
is well  known that the  microscope has contributed 
more than any other invention t o  the  progress of 
medicine and t ha t  t he  el imination of t he  plague and 
many other contagious diseases from most pa r t s  of 
the  world i s  l a rge ly  a r e s u l t  of s tudies  which the  
microscope made possible.  f * 
The count,by re ta in ing  some of h i s  money f o r  research, con- 
t r ibu ted  f a r  more t o  t he  r e l i e f  of human suffer ing than he could have 
contributed by giving a l l  of h i s  money t o  t he  poor. The s i t ua t i on  
with our national  budget today i s  s imilar  i n  many respects .  The 
annual budget t h i s  year is about $200 b i l l i o n  and about 1.6% i s  
a l loca ted  f o r  space exploration. 
D r .  Stuhlinger then addressed himself spec i f i c a l l y  t o  the  hunger 
problem c i t ed  by S i s t e r  Jucunda . 
Basic t o  the  hunger problem a r e  two functions: 
The production of food and t h e  d i s t r i bu t i on  of food. 
Food production by agr icul ture ,  c a t t l e  ranching, 
ocean f i sh ing  and other l a rge  scale  operations i s  
e f f i c i e n t  i n  some pa r t s  of t h e  world, bu t  d r a s t i c a l l y  
def ic ien t  i n  many others.  
For example, l a rge  areas  of land could be u t i l i z e d  
b e t t e r  i f  e f f i c i e n t  methods of watershed control, 
f e r t i l i z e r  use, weather forecasting, f e r t i l i t y  
assessment, p lanta t ion programming, f i e l d  se lect ion,  
planting habits ,  timing of cul t ivat ion,  crop survey 
and harvest  p lant ing were applied. 
The bes t  t o o l  f o r  the  improvement of a l l  these  functions, 
undoubtedly, i s  t he  a r t i f i c i a l  ea r th  s a t e l l i t e .  Circl ing 
t he  globe a t  a high a l t i t ude ,  it can screen wide a reas  of 
land within a shor t  time, it can observe and measure a 
l a rge  var ie ty  of f ac to r s  indicating t h e  s t a t u s  and con- 
d i t  ions of crops, s o i l s ,  droughts, r a i n f a l l ,  snow cover, 
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e t c , ,  and it can rad io  t h i s  i n f o r m t i o n  t o  ground. 
s t a t i o n s  f o r  appropr ia te  use, 
I t h a s  been estl.mated t h a t  even a modest system of 
e a r t h  s a t e l l i t e s  equipped with e a r t h  resource sensors, 
working w i t h i  n a program f o r  worldwide a g r i c u l t u r a l  
improvement, w i l l  increase t h e  yea r ly  crops by a n  
equivalent  of many b i l l i o n s  of d o l l a r s .  13 
D r .  Stuhlinger then s t a t e d  t h a t  t h e  d i s t r i b u t i o n  of food t o  t h e  
needy was a completely d i f f e r e n t  problem and not so  much one of ship-  
ping volume bu t  of in te rna t iona l  cooperation. He f e l t  t h a t  e f f i c i e n t  
r e l i e f  from hunger would not come before t h e  boundaries between nations 
became l e s s  d iv iding than they were today. 
D r .  Stuhlinger continued that higher food production through 
survey and assessment from o r b i t ,  and b e t t e r  food d i s t r i b u t i o n  through 
improved in te rna t iona l  r e l a t i o n s ,  a r e  only two examples of how pro- 
foundly t h e  space program w i l l  impact l i f e  on ear th .  
I n  D r .  S tuh l inger ' s  l e t t e r  he mentioned and discussed two other  
examples of b e n e f i t s  of space research: s t imula t ion of technological  
development and generat ion of s c i e n t i f i c  knowledge. 
The requirements f o r  high p rec i s ion  and f o r  extreme 
r e l i a b i l i t y  which must be imposed upon t h e  components 
of a moon t r a v e l i n g  spacecraf t  are e n t i r e l y  unprece- 
dented i n  t h e  h i s t o r y  of engineering. 
The development of systems which meet these  severe 
requirements has provided us  a unique opportunity 
t o  f i n d  new mater ia ls  and methods, t o  invent  b e t t e r  
t echn ica l  systems, t o  improve manufacturing proce- 
dures, t o  lengthen t h e  l i f e t i m e  of instruments and 
even t o  discover new laws of nature. 
A l l  t h i s  newly acquired t echn ica l  knowledge is  a l s o  
a v a i l a b l e  f o r  appl ica t ions  t o  earthbound technologies. 
Every year, about a thousand t echn ica l  innovat ions 
generated i n  t h e  space program f i n d  t h e i r  ways i n t o  
our e a r t h l y  technology where they lead t o  b e t t e r  
k i tchen appliances and farm equipment, b e t t e r  sewing 
machines and radios,  b e t t e r  sh ips  and a i rp lanes ,  
b e t t e r  weather forecas t ing and storm warning, b e t t e r  
communications, b e t t e r  medical instruments, b e t t e r  
u t e n s i l s  and t o o l s  f o r  every day use, 
= ~ t u h l  inger, op . c it. 
As a stimulant and ca t a ly s t  f o r  the  development sf 
new technologies, and f o r  reseaarch i n  the  basic 
sciences, it i s  u m r a l l e l e d  by any otkier a c t i v i t y .  
In  t h i s  respect, we may even say t h a t  t he  space 
program i s  taking over a function which fo r  three  
o r  four. thousands years has been the  sad preroga- 
t i v e  of wars. 
How much human suffer ing can be avoided if  nations, 
instead of competing with t h e i r  bomb-dropping f l e e t s  
of a i rplanes  and rockets, compete with t h e i r  moon- 
t ravel ing space ships! This competition i s  f u l l  of 
promise fo r  b r i l l i a n t  v ic to r ies ,  but  it leaves no 
room fo r  the  b i t t e r  f a t e  of t he  vanquished which 
breeds nothing bu t  revenge and new wars. 
The photograph which I enclose with t h i s  l e t t e r  
shows a view of our ea r th  a s  seen from Apollo 8 
when it orbited t h e  moon a t  Christmas, 1968. 
O f  a l l  the  many wonderful r e s u l t s  of t he  space 
program so far, t h i s  p ic tu re  may be t he  most 
important one. 
It opened our eyes t o  t h e  f a c t  that our ea r th  i s  
a beauti- and most precious is land i n  an 
unlimited void, and t h a t  the re  i s  no other place 
f o r  us t o  l i v e  bu t  t h e  t h i n  surface l ayer  of 
our planet, bordered by t he  bleak nothingness 
of space. 
Never before did so many people recognize how 
l imited our ear th  r e a l l y  is, and how per i lous  
it would be t o  tamper with i t s  ecological  
balance. 
Ever since t h i s  p ic tu re  was f i r s t  published, 
voices have become louder and louder warning 
of the  grave problems t h a t  confront man i n  our 
times: pollution, hunger, poverty, urban l iv ing,  
food product ion, water control ,  overpopulation. 14 
NASA recent ly  reported15 on t h e i r  a c t i v i t i e s  t o  save the  corn 
crop i n  Indiana i n  conjunction with an e f f o r t  by Purdue University. 
The project  seeks t o  determine whether the  current  corn b l i gh t  
in fes ta t ion  can be spotted from sensing devices carr ied aboard a i r c r a f t .  
1 5 N ~ S A  Aids i n  Effor t  t o  Save Corn Crop, NASA Manned Spacecraft 
Center, Houston, Texas, Sept, 11, %970, No, 239 p. 1. 
F i r s t  data  analyzed shows 'chat t he  fungus infeetion,  "southern 
Leaf b1ight t f j  car1 be iden t i f i ed  from a i r c r a f t  i n  its severe stage and  
it appears t o  show up a t  e a r l i e r  stages a s  w e l l ,  
Color photographs a s  well a s  mul t ispectra l  scanner pic tures  and 
data  show w h a t  photo in te rpre te r s  c a l l  "signature keys" t o  t he  crop 
disease. That is, various gradations i n  color i n  the  photos appear 
only when t he  b l i gh t  is  present. 
Successful iden t i f i ca t ion  can be important t o  agr icu l tu re  i n  t he  
fu ture  because it promises t h a t  remote sensing can give farmers warning 
of crop diseases approaching o r  even present i n  t h e i r  f i e l d s  before 
they a r e  aware of it. 
Another promising aspect  is  that la rge  a reas  of farmland may 
be quickly and accurate ly  surveyed from the  air and probably, i n  the  
future,  by s a t e l l i t e .  The knowledge gained (type of crop i n  each 
f i e ld ,  s i z e  of t h e  f i e ld ,  crop vigor, detect ion of any damaging agents 
and eventually yield-per -acre) may be used regionally and nat ional ly  
on a timely ba s i s  by pr ivate  and government i n t e r e s t s  t o  help  keep 
t he  supply of e s sen t i a l  foods o r  f i b e r s  i n  balance with damand. 
I n  t h e  same periodical16 NASA, i n  a cooperative e f f o r t  with 
Oregon S ta te  University, a l s o  reported on research which may prove 
helpful  i n  catching t he  e lus ive  fast-swimming albacore tuna. NASA 
used a converted Lockheed Electra NP3A Ai rc ra f t  t o  f l y  more than 
11,000 miles over the  Pac i f ic  col lect ing data. 
The a i r c r a f t  equipped with sophis t ica ted e lect ronic  gear, 
t raced a zigzag path f o r  seven days 1,500 f e e t  above t he  surface 
of t he  ocean recording sea temperatures and water color differences.  
The research attempts t o  r e l a t e  i n  a systematic way the  fac tors  that 
determine whether albacore w i l l  be present i n  a par t i cu la r  a rea  and 
j u s t  how abundant they w i l l  be. 
Hundreds of the  750 fishermen which comprise the  Oregon tuna 
f l e e t  have cooperated i n  t h i s  e f f o r t  with NASA and Om. Each day 
t h e  fishermen wri te  i n  t h e i r  logs the  sea temperature, water color, 
weather, and most importantly, the  number and locat ion of each 
albacore catch, 
Center Ai rc ra f t  Searches fo r  Clues t o  Tuna Fish 
NASA Manned Spacecraft Center, Houston, Texas, 
Sept, 11, 1970, Vo% 9 No, 23, p, 4, 
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For t he  present the  research attempts t o  help  t he  fishermen by 
g3"cerirzg TnSormLisn about fac tors  th3.t my af F'ecttthe f i shery ,  It 
leaves t o  the  individua,l fisherman t h e  judgment about where and when 
he should f i s h ,  For example, fishermen know t h a t  I n  the  waters o f f  
the  Pac i f ic  Northwest t h e y ' l l  f ind  albacore i n  the  water t h a t  is 
between 58 and 65 degrees farenhei t .  
Throughout t he  documents t h a t  were read during the  research f o r  
t h i s  t h e s i s  was woven t h e  same underlying theme of where the  money i s  
spent. M r .  Helms, Vice President of the  Aerospace Systems Group of 
the  Bendix Corp., answered t h i s  r he to r i ca l  question succinctly when 
he s ta ted:  
Obviously we spend no money i n  space. We only spend 
money on t he  surface of t he  Earth and primarily i n  
t he  United S ta tes  and it contributes t o  our gross 
nat ional  product. 13' 
NASA has been c r i t i c i z e d  f o r  not having a more e f fec t ive  public 
r e l a t i ons  information program which t e l l s  t h e  public about t he  benef i t s  
accruing from the  space e f f o r t .  Congressman Karth of Minnesota s a id  
on t h i s  point: 
You've got t o  go where t he  people are ,  you've got 
t o  convince them t h a t  what we a r e  doing i s  worth- 
while, you've got t o  show them that you're going 
t o  give them a re tu rn  with i n t e r e s t  f o r  t h e i r  t ax  
dollars.. . .There i s  a v i t a l l y  important s to ry  t o  
be told,  a s .  ory t h a t  demonstrates and s e l l s  value, 
r e a l  value. 18 
From t h e  time of launching t h e  f i r s t  American s a t e l l i t e  which 
was about t h e  s i ze  of a grapefrui t ,  t he  number and complexity and 
capab i l i ty  of s a t e l l i t e s  has grown s teadi ly .  
The Navy has had an  operational  navigation s a t e l l i t e  system 
since 1964 orb i t ing  the  globe and sending position-f ixing s ignals  back 
every two minutes. This navigation s a t e l l i t e  system i s  now ava i lab le  
f o r  commercial use. Navigation s a t e l l i t e s  a r e  par t i cu la r ly  useful  t o  
oceanographers i n  exploring and chart ing the  ocean f loor .  It i s  now 
possible  t o  pin-point the  loca t ion  of undersea o i l  deposits  with 
increased accuracy, 
Weather s a t e l l i t e s  provide constant  and d a i l y  information t o  
t h e  U,X,  Weather Bvwxi,u-, Ti ros  I11 provided advance informa,tion on 
Nu-ricane Carla, which resubted i n  t h e  g r e a t e s t  mass evacuation ever 
t o  take  place i n  t h e  United S ta tes .  Over 350,000 people were moved 
from the  path of t h e  storm. There i s  no way t o  determine how many 
l i v e s  were saved. The continual  improvement i n  techniques of i n t e r -  
p r e t a t i n g  data  from t h i s  type of s a t e l l i t e  and t h e  improvements i n  
t h e  s a t e l l i t e  itself o f f e r s  t h e  p o s s i b i l i t y  of accura te  fo recas t ing  
of weather over v a s t  regions.  An accura te  five-day fo recas t  of 
weather condit ions over t h e  United S t a t e s  alone would provide a n  
estimated annual savings of 6.75 b i l l i o n  d o l l a r s  when appl ied  t o  
agr icu l tu re ,  lumber business, surface  t ranspor ta t ion ,  r e t a i l  market- 
ing, and water resources management. The $6.75 b i l l i o n  annual saving 
i s  more than any s i n g l e  years cos t  of t h e  t o t a l  na t iona l  space program. 
We r e c e n t l y  s t a r t e d  t o  cooperate with o ther  nat ions of t h e  world 
t o  improve t h e  world-wide weather fo recas t ing  system i n  a n  e f f o r t  
or ig inated  here  i n  t h e  United S t a t e s  from our nat ional  space program. 
Weather ships  used i n  the  North P a c i f i c  cover only a n  a r e a  
represented by a 60-mile diameter c i r c l e  and t h e  ships cos t  a mi l l ion  
d o l l a r s  a year t o  maintain and operate. This amounts t o  $350 per 
square mile per year.  Each photo from t h e  weather s a t e l l i t e  covers 
630,000 square miles a t  a t o t a l  cos t  over a y e a r ' s  period of only 
25$ per square mile per photo. 
Weather s a t e l l i t e s  survey t h e  i c e  f i e l d s  of t h e  Gulf of 
S t .  Lawrence wi th  a n  estimated savings t o  t h e  United S t a t e s  and 
Canada of 1.7 mi l l ion  d o l l a r s  each year by more accura te ly  predic t ing 
t h e  opening of shipping on the  Great Lakes. 
Great swarms of insec t s  cover wide a r e a s  i n  Asia and Africa 
and have been accura te ly  tracked a s  t o  speed and d i r e c t i o n  by 
weather s a t e l l i t e s ,  giving a forewarning of t h e  t h r e a t  t o  crops. 
Af te r  man f u l l y  understands t h e  weather with t h e  he lp  of 
s a t e l l i t e s ,  he may a c t u a l l y  be abbe t o  con t ro l  it, Even a l imi ted  
con t ro l  of r a i n f a l l ,  storms, and t r ade  winds would br ing untold 
benef i t s  t o  ma,&ind, The a b i l i t y  t o  p red ic t  floods, l e e  movements, 
beach erosion, water poETution, f i s h  migration, and a s s i s t  i n  f r e s h  
water l e v e l  ll~a~nagement., crop s?rrveys, making b e t t e r  maps, measwiag 
s o i l  moisture, checking inadequate s o i l  f e r t i l i z a t i o n ,  evaluating 
ce r t a in  crop diseases, e t c , ,  merely scra tch t he  surface of possible new 
benef i t s  from s p c e  s a t e l l i t e s  i n  addj t lon t o  those we get todady= 
A more personal example of how space technology a f f e e t s  oar 
da i l y  l i v e s  i s  the  introduction a few years ago of a new high-speed 
d e n t i s t  d r i l l .  This u l t r a f a s t  d r i l l  is much more effective,  s igni-  
f i c a n t l y  reduces the  pain, and p rac t i c a l l y  el iminates any sense of 
v ibrat ion or  grinding. The bas i s  f o r  t h i s  high-speed denta l  d r i l l  
was t he  development of pin-point-size b a l l  bearings which could 
stand t he  high ro t a t i ona l  speeds f o r  extensive periods of time and 
ye t  hold t he  d r i l l  i t s e l f  i n  a f i rm posit ion.  These b a l l  bearings 
were i n i t i a l l y  developed t o  f u l f i l l  t he  s a t e l l i t e  requirements. 
I n  t h e  s t e e l  industry, a la rge  por t ion of the  annual output 
i s  t h i n  sheet  metal produced i n  continuous r o l l i n g  mills .  I n  these  
m i l l s  a s ing le  continual high speed process s t a r t s  with molten metal 
sized and shaped through la rge  r o l l e r s  t o  a given thickness and s t r i p  
width, then passes on t o  l a rge  spindles much l i k e  paper tape on an 
adding machine. The output of s t e e l  i n  such a m i l l  is a t  a speed of 
30 t o  50 miles per hour, It i s  very expensive t o  s top t h i s  process 
once it has been i n i t i a t ed .  While every e f f o r t  was taken t o  ensure 
t he  proper thickness of the  s t r i p  a s  it ro l l ed  through the  m i l l ,  t h e  
response loop from the  time of sensing an  accuracy measurement t o  
control  of t he  dimensions by r o l l e r s  themselves allowed la rge  var ia-  
t ions .  This could r e s u l t  i n  a s t r i p  being of too th in  gauge and a 
sudden catastrophic rupture of the  metal s t r i p .  Hundredsand occasion- 
a l l y  even thousands of f e e t  of metal would be wasted and jammed in to  
t he  receiving a rea  before the  m i l l  could be shut down. Additionally, 
many man-hours and do l la r s  were l o s t  i n  rees tabl ishing the  process, 
increasing t h e  cost  of the  s t e e l  and t he  products i n  which it i s  used. 
Today, continual  measurement of t he  uniformity of thickness of 
s t e e l  p l a t e  i n  r b l l i n g  m i l l s  without them being stopped or  cooled o r  
hand measured i s  avai lable  by use of an infrared sensor, This sensor 
accurate ly  measwes the amount of heat  energy- a t  a given time which 
i s  d i r e c t l y  r e l a t ab l e  t o  the  thickness of the  metal a t  t ha t  point i n  
time, That infra,red sensor was o r ig ina l ly  developed a s  a horizon 
sensor f o r  the Hirabus sateElLte, a techniqu-e for keeping a satellite 
continually pointing a t  t he  ear th ,  
The l a s t  t e n  years have seen a menomeml increase i n  the  move- 
ment of azx-iomobi%es over v ~ s t  freei.s%ys. One of the f i r s t  a reas  t o  
undertake la rge  sca le  freeway development was Los AngeLes. Freeways 
a r e  intended t o  handle a high volume continual  stream of t r a f f i c  and 
any unplanned emergency immediately s t a r t s  t o  choke t he  system. The 
Los Angeles freeway complex includes emergency radios  t o  provide a 
"ca l l  system" i n  an emergency. 
I n  a small sect ion of South Africa there  was a need f o r  a 
telephone system i n  a n  a rea  devoid of normal energy sources, Both 
t h e  Los Angeles freeway system and t h e  telephone system i n  South 
Africa use so la r  c e l l s  as t h e i r  energy source. The so la r  c e l l ,  a 
device which converts sunshine energy in to  e l e c t r i c a l  energy was 
developed t o  f u l f i l l  t he  need of s a t e l l i t e s  f o r  a continual power 
supply. A l l  you need i s  periodic sunshine. These high energy so la r  
c e l l s  came from our nat ional  space program. 
I n  t he  spring of 1961 U.S. News and World Report conducted an 
interview with James E. Webb, NASA. Administrator on the  subject  of, 
"Why spend $20 b i l l i o n  t o  go t o  the  ~ o o n ? "  One of the  many questions 
and M r .  Webb's answer a r e  repeated herein  a s  being par t i cu la r ly  per- 
t inent and prophetic . 
Q. Suppose t he  U, S, used half  of your budget f o r  
el iminating slums and rebuilding c i t i e s  -- wouldn't 
that mean more i n  terms of t he  fu l lness  of l i f e  and 
economic well-being of our people than developing 
space? 
A. This i s  a very kard question t o  answer. But, 
on the  other  hand, I wouXd l i k e  t o  j u s t  say t h i s :  
I f  you f a l l  behind i n  t h i s  technological  race, and, 
l e t  us say, the  Russians f ind  out  how t o  operate 
i n  space with men, and we don't,  you cannot be sure 
that t h i s  may not r e a l l y  el iminate t h e  pos s ib i l i t y  
of el iminating the  slums. 
You simply cannot afford t o  f a l l  behind i n  a major 
forward a rea  of technology without running the  r i s k  
of paying a severe penalty, And i f  you can do it -- 
i f  you have t he  resources t o  do it -- then, it seems 
t o  me, t h e  only sensible form of nat ional  insurance 
i s  t o  go forward and do it. But, more speeifiealhy,  
much of the -technology we are developing will. be of 
great value i n  solving the problems you mention, 
D r ,  Lloyd Berkner, chairman of t h e  Space Science 
Board of t h e  National Acad-emy of  Sciences, has 
made two points  : t h a t  communication s a t e l l i t e s  
may prove c a p b l e  of multiplying our Long- 
distance-communicat ion resources by a f a c t o r  
of 10,000; and that whole new ways of conduc- 
t i n g  s c i e n t i f i c  sampling and ana lys i s  i n  space, 
i n  f r a c t i o n s  of t h e  time now required  on earth,  
w i l l  be perfected.  
Both of these  would have g rea t  value i n  improving 
our c i t i e s  and adding t o  t h e  f u l l n e s s  of l i f e .  
What we do i n  space w i l l  have g rea t  t h e o r e t i c a l  
and p r a c t i c a l  value here on ear th .19 
Sen. W i l l i a m  Proxmire, a Democrat from Wisconsin, speaking f o r  
those who oppose t h e  space program, took t o  t h e  Senate f l o o r  t h i s  spr ing 
during t h e  debate on t h e  NASA appropr ia t ions  b i l l  t o  plead with h i s  
colleagues t o  support h i s  amendment t o  s l i c e  $122 mil l ion  from the  
space program. The money, he said,  i s  more than that provided f o r  t h e  
school milk program, and enough t o  provide 125,000 new homes f o r  poor 
people. 
Sen. Alan Bible, a Democrat from Nevada, a s t a t e  which receives  
l e s s  than h a l f  of one percent of NASA's contrac t  do l l a r s ,  then defended 
t h e  space program. Excerpts of h i s  speech follow. The Proxmire amend- 
ment was defeated 38 t o  35. 
We a r e  making decisions today, M r .  President,  t h a t  
transcend appropr ia t ion  considerat ions and spending 
p r i o r i t i e s .  These decisions go f a r  beyond t h e  
National Aeronautics and Space Administrat ion budget. 
They go t o  t h e  h e a r t  of our Nation's v i t a l i t y  today 
and i ts  course i n  t h e  fu ture .  We a r e  deciding whether 
t h e  United S t a t e s  shall continue t o  e x e r t  leadership  
i n  science, technology, and indust ry  and blaze  new 
trails in to  mankind's fu ture ,  o r  whether we shall 
re t rench and abandon t h e  demands of t h e  fu ture  i n  
favor of concentrat ing on t h e  domestic problems of 
today. 
Perhaps t h a t  sounds l i k e  a n  unfa i r  genera l iza t ion,  
I t h i n k  it i s  not.  We can take  a l l  t h e  arguments 
t h a t  have been advanced f o r  reducing NASA's budget 
and b o i l  them down t o  one bas ic  contention--that  
we should put o f f  our sophis t ica ted  space explora- 
t i o n  and d i v e r t  t h e  money instead t o  t h e  Nation's  
191rWby sspnd $20 B i l l i o n  t o  go t o  the Moon", U. S. News and World 
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serious domestic needs. It i s  a declaration, 
essen t ia l ly ,  t h a t  w e  have too many yoblems, too 
many needs, r i g k t  here a,% home t o  afford any 
serious and e f fec t ive  a c t i v i t y  i n  space, It i s  
an  argument t h a t  i s  powerfuily persuasive--and 
p o l i t i c a l l y  a , t t ract ive  i n  these troubled times. 
But it is a policy t h a t  could t u rn  t h i s  great  
Nation from the  road t o  fu ture  greatness and send 
it down a dead end s t r e e t  of muddled mediocrity. 
We must do everything we can t o  deal  with today's  
problems of housing and poverty and education and 
opportunity. I n  t h e  process, however, we must 
avoid t he  temptation of ignoring the  equally 
pressing needs of  t he  future .  
Mankind would s t i l l  be stumbling around i n  the  
dark ages i f  it had t r i e d  t o  solve a l l  of i t s  
domestic problems before exploring the  challenges 
of the  unknown. There were problems a t  home when 
Columbus s e t  s a i l  f o r  the  new world. The money 
that was spent t o  bui ld  a ra i l road  across  the  
continent--surely it could have been b e t t e r  used 
t o  improve education and working conditions here 
i n  t he  East. The Wright brothers would have had 
l e s s  r i d i c u l e  and c r i t i c i sm  i f  they had concen- 
t r a t ed  t h e i r  inventive genius helping t he  poor. 
I could go on indef ini te ly .  
The point is  that every important advance i n  the  
h i s to ry  of mankind would never have occurred i f  
it had been put o f f  u n t i l  other, more immediate 
needs were handled. But each of these advances 
brought benef i t s  t o  mankind t h a t  f a r  outweighed 
t he  a l t e rna t i ve s  t ha t  might have been offered. 
Who could have forecast  ea r ly  i n  t h i s  century, 
f o r  example, that t he  Wright brothers ' t inker ing 
with a k i t e  and an engine would lead t o  t he  
mammoth t ranspor ta t ion industry--and a l l  the  
benef i t s  t h a t  industry provides--in l i t t l e  more 
than 50 years? We can only begin t o  surmise 
some of the  benef i ts  t h a t  await our continuing 
exploration of space. Undreamed of a d m c e s  l i e  
beyond i f  we have t he  courgge t o  support t he  f i n e  
beginning we have made. . .20 
 pace Daily, Washington, D.C., Shal l  We Abandon the  Demands of the  
Future, May 1970, p. 4-9. 
Medical Benefi ts  
Probably t he  field. of t he  space program whLch w l B b  provid-e t he  
greatestppersonal  benef i t  t o  the  American c i t i z e n  i s  the  a r ea  of medical 
equipment and i t s  appl icat ion t o  improving our national  heal th ,  
Before proceeding with benef i t s  which a r e  i n  a c t u a l  use now, l e t  
me describe a project  which within the  next 10 t o  20 years may enable 
t he  b l ind  t o  "see" again. 
A t  t h e  Albert  Einste in  College of Medicine i n  New York City, 
D r .  Herbert G. Vaughan, Assis tant  Professor of Neurology, has a research 
grant  from the  National I n s t i t u t e  of Neurological Diseases and Blindness, 
Bethesda, Maryland and has been conducting experiments on t he  f e a s i b i l i t y  
of providing e lect ronic  s ignals  d i r e c t l y  t o  the  v i sua l  nervous system 
u t i l i z i n g  a  t e lev i s ion  camera t o  replace  the  eye. 
The pos s ib i l i t y  of res to r ing  s ight  by t h i s  method has been 
commented on many times i n  the  technical  and public media, I n  a recent  
repor t  by t he  committee on Science and Astronautics of the  U.S. House 
of Representatives, a comment w a s  made on t h i s  poss ib i l i ty .  
Also i n  t he  future  i s  a small TV camera devised by space 
research which, worn on the  forehead, w i l l  scan a bl ind 
person's surroundings. There, bypassing the  s i gh t l e s s  
eyes, it would transmit an  image t o  a t i n y  tef lon- insula ted 
receiver  i n  the  v i sua l  cortex of the  brain, enabling t he  
b l ind  t o  "see". The camera might eventually be minia- 
tu r ized  t o  f i t  in to  an eye socket. It may take a decade 
o r  longer t o  perfect  t h i s  marvel, but  the  technology i s  
on i ts  way. 21 
I n  a recent a r t i c l e  the  Sea t t l e  ~ i m e s ~ *  reported on a statement 
by Professor R. W. Mann of the  mechanical engineering department a t  t he  
Massachusetts I n s t i t u t e  of Technology. Professor Mann s t a t ed  t h a t  
a r t i f i c i a l  s igh t  f o r  the  bl ind i s  an  almost c e r t a in  development of the  
future .  He sa id  t h a t  pat terns  of l i g h t  t h a t  form opt ica l  s ignals  would 
be picked up by e lect ronic  sensors instead of by the  eye. 
21 
Report of the  Committee on Science and Astronautics, loc .  c i t . ,  p. 2G. 
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Monday, 
The most promising e lec t ron ic  sensor i n  t h i s  ease would be a 
tiny t e lev i s ion  camera about the s i ze  of a "pack of  c i ga r e t t e s  and 
then an advanced version about t h e  s i ze  of an ice  cube with fu ture  
p o s s i b i l i t i e s  t o  reduce it t o  the  s i z e  of a s m l l  sugar cube, Both 
versions were developed by commercial e lect ronics  companies under 
NASA contract .  
I n  an a r t i c l e  i n  t he  Mount Vernon Daily ~ r g u s ~ ~  on t he  same 
subject, Physic is t  Herbert Schimmel, a colleague of D r .  Vaughan on 
the  Albert  Einstein College project ,  sa id  t e s t s  with animals should 
come i n  1971-72 followed by t e s t s  with hwnans i n  1973-74. 
This t i n y  te lev i s ion  camera has other appl icat ion and could, 
f o r  example, be lowered i n to  a p t i e n t ' s  stomach f o r  a de ta i l ed  
study of ulcers.  I n  t h e  blindness project  the  pos s ib i l i t y  e x i s t s  t o  
mount t h e  camera in to  art i f  i c i a l  eyeballs .  
Other promising medical innovations and advances made possible 
by space research r e l a t ed  projects  are :  
A robot- l ike  lunar walker, designed t o  a i d  as t ronauts  
and t h e i r  equipment i n  t ravers ing the  i r regu la r  surface of the  moon, 
is being experimentally adapted f o r  use by p r a l y t i c  children.  They 
can maneuver it over curbs and steps, and thereby "walk" f o r  t he  
first time. 
In  t h e  past  a severely paralyzed person could look 
forward t o  a dismal fu tu re  of v i r t u a l  immobility. Today, thanks 
t o  t he  "magic glasses' '  developed by space technology, a paralys is  
vict im can s t e e r  a motorized wheelchair with a "sight  switch" -- 
t r iggered by movements of the  eyeball! 
The c leanl iness  requirements during the  assembly of space 
hardware have created developments i n  contamination controls  which a r e  
now finding t h e i r  way i n to  hospi ta ls .  These developments, which a r e  
i n  operation i n  t he  space industry, include laminar flow f a c i l i t i e s .  
Laminar flow means t h a t  t he  incoming air  which has been cleaned by 
f i l t e r i n g  flows smoothly without turbulence. These laminar flow 
f a x i l i t i e s  a r e  presently being used f o r  severely burned pzitients. 
" - 
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enabled t h e  de tec t ion  of d i f ferences  i n  air temperature -passing through. 
a tube causing ac tua t ion  of a n  aud-ib%e o r  v i s i b l e  alarm within 10 seconds 
of any change, The device can be used on infants ,  comatose chi ldren o r  
a d u l t  p a t i e n t s  who requ i re  s v r g i c a l  implantation of a tracheotomy tube 
i n  t h e  windpipe t o  ease breathing. I f  t h e  tracheotomy tube is  clogged, 
c u t t i n g  o f f  breathing, b r a i n  damage o r  death can r e s u l t  wi th in  from two 
t o  four minutes. Ordinar i ly  a fu l l - t ime  nurse is  required, who checks 
t h e  tube v i s u a l l y  and t akes  immediate cor rec t ive  a c t i o n  when necessary. 
With t h i s  t ransducer sensing device, t h e  s igna l  can be given t o  a nurse ' s  
s t a t i o n  o r  i n  another room i f  the  p a t i e n t  i s  a t  home. Thus t h e  p a t i e n t ' s  
ca re  i s  improved and f a c i l i t a t e d .  
An EKG (electrocardiogram) t r ansmi t t ing  system whose technology 
was developed a t  NASA's Edwards F l igh t  Research Center f o r  monitoring 
as t ronau t s  during a c t u a l  and simulated space f l i g h t  now enables a 
physician t o  obta in  EKG data  on a p a t i e n t  before he sees him. An EKG 
taken i n  t h e  ambulance t r a n s f e r r i n g  t h e  pa t i en t  t o  t h e  h o s p i t a l  is  
transmitted by radiotelemetry d i r e c t  t o  t h e  physician who w i l l  handle 
t h e  case. I n t e r e s t  by physicians and a l o c a l  ambulance f i rm i n  improved 
p a t i e n t  care made t h e  development possible.  
Another h e a r t  monitor space research t r a n s f e r  example was 
developed by a n  inves t iga to r  working under a NASA grant  a t  t h e  Duke 
Universi ty Medical Center who wanted t o  monitor h e a r t  a c t i o n  more 
p rec i se ly  by measuring e l e c t r i c a l  s igna l s  simultaneously along 1 5  
points  on a small a r e a  of t h e  h e a r t  w a l l .  For t h i s  he needed a probe 
t h a t  would insure  good contact  a t  a11 15 points  and which would not 
r e s u l t  i n  h e a r t  w a l l  damage upon inser t ion .  The NASA-sponsored 
Biomedical Applicat ions Team a t  t h e  Research Triangle I n s t i t u t e  i n  
Durham, North Carolina explained t h e  problem t o  a n  instrument engineer. 
He designed a 1 5  e lec t rode probe within a n  ordinary hypodermic needle. 
It was fabr ica ted ,  tes ted ,  found s a t i s f a c t o r y  and i s  now i n  use. 
Cancer i s  a dread human disease  p r inc ipa l ly  because i t s  cause 
i s  f o r  t h e  most p r t  unknown and s t r i k e s  down many thousands of 
people prematurely and i n  many cases i n  a p a r t i c u l a r l y  pa in fu l  and 
prolonged mnner .  Recently Mr, Clarence D, Cone, Jr,, a J!IASA s c i e n t i s t  
and head of t h e  Moleeula,r Biophysics Laboratory of t h e  NASA kdng&ey 
Research Center i n  Vtrginia was studying r a d i a t i o n  e f f e c t s  on c e l l s  
i n  order t o  understand possible space r a d i a t i o n  e f f e c t s  on as t ronauts .  

I n  a booklet pre-pared by Baylor College of Medicine z i t led ;  
'?~reserva.t ion of the Wumn f~eart the in-l;rcduetion pa r t i a iLy  s"c,tes : 
One of the  goals i n  cardiac t r a n s p h n t a t i o n  research 
i s  the  a b i l i t y  t o  preserve t he  hear t  i n  a viable s t a t e  
outside of the  body, . ,The Cardiac Preservation Chamber 
used i n  t h i s  research program was designed and con- 
s t ruc ted  by t he  same aerospace corporation Fr-7 
responsible f o r  t he  development of t he  lunar modulg (LM) 
which landed the  f i r s t  American on t he  moon. Several 
technological features  of t he  chamber were derived 
d i r e c t l y  from experience gained i n  solving t he  environ- 
mental control  problems of space. 
Future advances i n  cardiac t ransplanta t ion w i l l  depend 
upon fu ture  research i n  bas ic  immunology t i s sue  typing, 
and organ preservation. Additional "spin-off" benef i t s  
from t h e  aerospace program a r e  expected t o  contribute 
t o  both t he  hear t  t ransplanta t ion program and funda- 
mental s tud ies  of cardiac metabolism and function. 
U.S. Congressional Representative John W. Wydler of New York a t  
a speech before t h e  committee on Science and Astronautics i n  1970 on 
t he  subject  of space program benef i t s  commented on t he  Cardiac Preser- 
vation Chamber developed by Grwnman. 
Let me c i t e  one example of b p a c e  program b e n e f i t g  
which I am personally aware, because it is  an out- 
standing accomplishment of the  G r m n  Ai rc ra f t  Corp. 
Most of t h e  Members probably know t h a t  Grummn has 
been deeply associated with t he  Apollo program a s  
the  manufacturer of the  lunar  excursion module o r  
the  LEM. During t h e  course of research in to  bio- 
medical aspects  of t he  LEM, Grummn engineers 
became aware of work being done by D r .  DeBakey, 
the  famous spec i a l i s t  i n  hear t  t ransplants ,  i n  
developing a device by which hear t s  and lungs could 
be kept a l i v e  and transported from one place t o  
another. This was needed because donors and 
rec ip ien t s  sometimes cannot be brought together 
i n  t h e  same hospi ta l .  
The Grumtmn engineers quickly saw t h a t  by apply- 
ing Apollo technology t o  t h i s  development, they 
could produce an  e f f i c i e n t  and highly r e l i a b l e  
device t o  do the  job, This device is already 
being used t o  great  advantage by giving t o  
" ~ e p o r t  by bylor College of Medicine and the Cardiovascular Research 
and Training Center of the Methodist BospLtal, Houston, Texas, 
Edward Be Diethrlch, M,D. ,  J ~ h n  E,  
Liddicoat, M e D , ,  Arnold Schwartz, Ph,D., Louis A ,  Sordahl, Ph ,D, , 
David K ,  Brooks, M.D., Michael E. DeBakey, M.D., p, 1. 
medical researchers at the Baylor College o f  Medic ine  
a means by which they attack the problem of organ 
incompztibility and rejection, This we all know, is 
the principal  obstacle t o  be overcome i n  providing 
longevity t o  people with new hear ts .  It will a l s o  
be a grea t  step-up i n  tracking body r e j ec t i on  of 
other organs such a s  kidneys. 
The spray-on electrode i s  an in te res t ing  development. Normally 
when one has an electro-cardiogram, the  technician app l ies  a metal 
electrode t o  t h e  chest and moves it about. I n  addit ion,  he connects 
wires t o  t he  wrists and ankles. These electrodes a r e  sa t i s fac tory  f o r  
shor t  contacts but  i n  doing dynamic monitoring of t he  hear t  they have 
proven t o  be inadequate. Under NASA sponsorship, a spray-on electrode 
was developed. One merely sprays t h i s  electrode over the  end of a 
lead wire which has been grea t ly  miniaturized and these  a r e  connected 
t o  the  electrocardiogram machine. This f l ex ib l e  l ayer  of material  w i l l  
secure t he  electrode, even though the  m t i e n t  i s  moving about. 
The use of computers t o  enhance X-rays i s  proving t o  be of use 
i n  ge t t ing  a c l ea r e r  p ic ture  of deep inaccessible port ions of the  body 
hidden behind boney a reas  which a r e  of ten d i s t o r t ed  or  unclear on the  
X-ray fi lm. The technique was f i r s t  used t o  c l a r i f y  t h e  photos of Mars 
transmitted by t h e  unmanned Mariner spacecraft .  The computer converts 
t he  X-ray p ic tu re  in to  d i g i t a l  forms and then converts each point of 
the  pic ture  i n to  a number proportionate t o  t h e  f i lms op t ica l  density 
with a r e su l t i ng  reproduction of high c l a r i t y .  These enhancdpictures 
a r e  being used i n  s tud ies  of t he  hear t  and great  blood vessels as well  
a s  vessels  i n  t he  brain.  
The Integrated Medical Behavioral Laboratory System i s  being 
developed t o  f l y  i n  a spacecraft  i n  t h e  mid o r  l a t e  1970 Is. This i s  
a modularized f l ex ib l e  system which would have t he  capabi l i ty  a t  one 
s i t t i n g  of measuring a good many physiological and psychological fac to rs  
and integrat ing them in to  a pic ture  of t he  individuals t o t a l  condition. 
This laboratory should prove a great  boon t o  hosp i ta l s  and physicians 
o f f ices  by simplifying and speeding up the  process of biochemical, 
behavioral and physiologic measurements. It my w e l l  be considered 
one of the grea'test breakthroughs 5.n diagnostic ins"crlmentation in 
many decades. 
Many statements have been mde recen t ly  i n  speeches and i n  news- 
paper a r t i c l e s  abou-t the importance of the environment. It is a great 
coincidence t h a t  t h i s  sudden urgent  a>wareness of our f r a g f l e  d e t e r i o r -  
ating ecology has come to our a t t e n t i o n  i n  f r i g h k e n i ~  perspective a t  
t h e  same time a s  and because of photos of ea r th  taken from spacecraft  
f l y ing  a considerable dis tance away from ear th .  A recent shor t  a r t i c l e  
i n  a recent church bulletir?? discussed this aspect  i n  a convincing 
manner. 
When the  first photograph of t he  ea r th  taken from 
outer space f lashed on our t e lev i s ion  screens, the  
almost universal  reac t ion  w a s  one of surpr i se  and 
shock. Our familiar earth,  appearing l i t t l e  l a rger  
than t he  moon seems t o  us, hung framed aga ins t  t h e  
dark background of an  endless void. I n  t he  s i l e n t  
immensity of space, t h e  ea r th  seemed so t iny,  so 
f rag i le ,  so alone! On every s ide  it was enveloped 
by an impersonal, i n h w n  cold and darkness. 
The f i n a l  t e l eca s t  from Apollo 8 brought home another 
s ide  of t he  pic ture .  "see you back on t he  good ear th  
soon, I' sa id  Frank Borman. Suddenly we rea l ized  t h a t  
t h e  earth, small though it be, i s  man's home. 
..................................................... 
The problem of conserving t h e  ea r th  a s  t he  dwelling 
place of man has been summarized by t he  head of the  
U.S. Department of the  In te r io r :  
"we have ca r l e s s ly  assumed that nature can absorb 
unlimited punishment. Now we a r e  paying the  b i l l .  
Our nat ional  production machinery is  humming, but  
a t  what price? O i l  from offshore pol lutes  beauti-  
ful beaches and endangers marine l i f e :  a ir  pollu- 
t i o n  in jures  health;  pol lut ion from human and 
i ndus t r i a l  waste threatens  our streams; poisonous 
pest ic ides  and f e r t i l i z e r s  contaminate our food; 
one of t he  great  lakes  is f a t a l l y  ill. 
We must a t t a ck  t he  noise, t he  smoke and f'umes, 
the  d i r t y  water, the  crowding, the  ugliness, the  
tension and s t r e s s .  " 
' i ~ u i l s t i n  of S t ,  C y r i l  srlil Methodius Church, Deer Park, N e w  1Cork, 
October Ili, 1-970, p. 3- and 4. 
Representative F d t o n  of Pennsylvania had an in te res t ing  comment 
D n  t h i s  aspect ,  26 
The success of o w  e f f o r t  t o  reach the  moon provided a 
new view of ea r th ,  We were abbe t o  see it as a whole; 
and t h i s  new view provided us with a deeper appreciat ion 
of i t s  bounty. 1 a m  c e r t a in  t h a t  t h i s  view has contr i -  
buted t o  our recent  in tens i f i ed  concern f o r  our environ- 
ment and t he  growing resolve t o  decrease pol lut ion by 
managing the  l i fe-support  systems of "spacecraft ear th"  
a s  ca re fu l ly  a s  we do those of the  Apollo spacecrafts .  
Space has given us a greater  awareness of our mismanage- 
ment of ea r th  and an  increased regard f o r  our fu tu re  
and our destiny.  
I n  January of 1970 a Lunar Science Conference was held a t  Houston 
t o  present t h e  r e s u l t s  of experiments with mater ia l  collected by Apollo 
11. A t  that conference, Mr .  Fred Hoyle, famed f o r  h i s  theor ies  on t he  
o r ig in  of the  universe, suggests that hurnanity may, i n  the  f i n a l  anal- 
ys is ,  owe i ts  very survival  t o  development of the  space program. 
Hoyle reca l led  a 1948 prediction he made t h a t  once the  Earth 
was photographed from outer s p c e  the  sheer i so l a t i on  of the  planet  
would become evident and new ideas as powerful a s  any i n  h i s to ry  
would be l e t  loose. He f e e l s  h i s  prediction has been borne out. 
27~uddenly everyone has become ser iously  concerned 
t o  protect  an  excel lent  environment although biolo- 
g i s t s  have been saying the  same thing fo r  years and 
never got on base, 
Something new has happened t o  create  a worldwide 
awareness of our planet as a unique and precious 
place and it seems more than a coincidence that 
t h i s  awareness should have happened a t  exact ly  
t he  moment man took h i s  f i r s t  s t ep  i n to  space. 
Represen-tative James G. Eblton t o  Canadian Club i n  Hamilton, 
Ontario on March 18, 1970. 
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The lunar s o i l  "chat has  been brought back has some i n t e r e s t i n g  
28 p o s s i b i l i t i e s  . Representat Lve Louis Prey, Jr , of  Pborida s a i d  
Within t he  last month @rch 19707 a, sample of' moon 
s o i l  k i l l e d  three  common ear th  bac te r ia  and D r ,  Gordon 
Zubrod, Chief of the  National Cancer I n s t i t u t e "  drug 
invest igat ion program, has asked fo r  a sample t o  t e s t  
i t s  anticancer potent ia l .  True, no one knows i f  t h i s  
moon dust  w i l l  a c tua l l y  be useful .  I n  fac t ,  no one 
ever thought it had t h e  po t en t i a l  t o  k i l l  bacter ia .  
Yet is  t h i s  not t r u e  of most new discoveries? 
On the  same subject  of t he  lunar so i l ,  Representative James G. 
Fulton sa id  29 
An exci t ing r e s u l t  of our manned f l i g h t s  t o  tk.e moon 
has been developed out of t he  moon s o i l  that was 
brought back by Astronaut Neil  Armstrong and h i s  crew 
of Apollo 11. One of t he  experiments conducted by 
t h e  Houston Manned Space F l igh t  Center was t o  deter-  
mine whether or  not moon s o i l  could support p lant  
growth. The experimenters se lected a moss l i k e  plant  
ca l l ed  liverwort, and planted some i n  ea r th  s o i l  and 
some i n  lunar s o i l .  Much t o  t h e i r  surprise,  without 
using any f e r t i l i z e r  i n  e i t he r  sample, the  plants  i n  
the  lunar s o i l  grew s ign i f i c an t l y  f a s t e r  and reached 
greater  s i z e  than t h e  plant  E i c 7  - i n  ea r th  s o i l .  To 
me t h i s  has g rea t  significance.  If we a r e  ab le  t o  
determine w h a t  caused t he  lunar plants  t o  grow f a s t e r  
and l a rge r  than t he  other, think what t h i s  w i l l  mean 
t o  the  food problems plaguing t he  approximately two 
b i l l i o n  people of t he  have-not nations across  the  
world. Think w h a t  t h i s  would mean i n  terms of man- 
power t ha t  could be released from agr icu l tu re  t o  t he  
underdeveloped nations out  t o  an expanding i ndus t r i a l  
base necessary fo r  economic development. 
Astronaut W i l l i a m  Anders who flew i n  Apollo 8 which orb i ted  t h e  
moon i n  an a r t i c l e  i n  Boy's L i fe  Magazine3' on the  e f f ec t s  of t he  
space program had t h i s  t o  say about t he  lunar s o i l  proper t ies .  
I recognize t ha t  the re  have been some complaints 
about the  high cost  of t h e  U. S. space program. We 
spend four t o  six b i l l i o n  do l l a r s  a year on space - 
and, while t ha t  's a l o t  of money by anyone ' s  standards, 
it is ac tua l ly  no more than we spend each year on 
enta t ive  Louis Frey-, Jr, t o  t h e  Scienee and Astro-  
m u t i e s  Committee ( A p r i l  21, 191'78, 
Boy-" L i f e  
brea,k;lble toys or such thro~miimy spor ts  supplies a s  
tennis  and golf  b a l l s .  I bel ieve we have been getting 
norc 'ciliZ~ ow- money's vor th  and t ha t  t he  program F p e e 7  
i s  a tremendous bargain, It i s  l i t e r a l l y  t he  spearheax 
of o w  modern technology development, 
Take agr icu l tu re  f o r  example 
B . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . e .  
There is  so very much t h a t  can be learned. Take t he  
dust  Neil Armstrong and Buzz A l d r i n  brought back from 
the  moon. Does it have a detrimental  e f f ec t  on plants?  
To f i nd  out, researchers a t  t h e  Manned Spacecraft Center 
conducted some fascinat ing experiments. They put t h i s  
moon dust  i n to  a solut ion and then added a l i t t l e  of the  
so lu t ion  t o  various plants. We found that some plants  
grew twice as f a s t  as they normally would. I s  the re  
something i n  lunar  dust  t h a t  acce le ra tes  growth? I f  
so, and if we can f i nd  out what it is, then we could 
add the  mystery substance t o  common f e r t i l i z e r s .  A 
s l i g h t  improvement i n  t he  world's r a t e  of food pro- 
duction could pay f o r  t he  e n t i r e  Apollo program i n  
one year. 
The lunar  s o i l  a l s o  yielded other surprises,  a Newsday a r t i c l e 3 l  
commenting on preliminary f indings reported that gold, s i l v e r  and a 
ruby had been discovered i n  t he  moon samples col lected by t he  crew 
of Apollo 11, the  f i r s t  manned lunar  landing. The gold and s i l v e r  
were reported by Edward Anders heading a s i x  tran University of Chicago 
team. He sa id  t h a t  t he  precious metals were present only i n  t iny  
amounts - "too small t o  finance the  space program", he joked. Anders 
sa id  he bel ieves  t h a t  98 percent of a l l  gold on the  moon w a s  deposited 
there  by meteorites. 
Robert M. Walker of Washington University i n  St .  Louis sa id  
that he had found a ruby i n  h i s  moon sample, but  t h a t  it was so 
small that he had t o  use a microscope t o  detect  it. 
jL~ewsday, Long Island Newspper, 
January 6, 1970, p. 9. 
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With increasing yie ld  the  by-product benef i t  of the  massive U,X, 
s p e e  research and development e f f o r t  a r e  appearing in every day use. 
Several thousand technological innovations have been d i r ec t l y  a t t r i -  
buted t o  the  s-pace program, including new al loys ,  miniaturized e lec-  
t ron ic  components, non-flammable cloth,  biomedical equipment of many 
types, new food treatment methods, inorganic paints, new f l ex ib l e  pipe 
f o r  f l u i d  conveyance, g rea t ly  improved ba t t e r i e s ,  microminiature par ts ,  
new processes, techniques and systems that a r e  d i r ec t l y  t rans la tab le  
t o  t he  p r o f i t  of America's general industry and ult imately t o  t he  world. 
I n  addi t ion t o  the  products which come d i r ec t l y  from space 
technology, we have no way of knowing how many others have been 
i nd i r ec t l y  inspired by the  stimulus t o  engineering which derives from 
the  necessi ty t o  create  new solut ions  t o  new problems, and we need an 
endless l i n e  of new solutions--new products. Some time ago, RCA 
reported t h a t  80 percent of t h e i r  current  s a l e s  was of products which 
were not invented 10 years ago. 
Weather s a t e l l i t e s ,  government owned, a r e  a major advance i n  
our a b i l i t y  t o  deal  with our environment. Geologists a r e  f inding 
t h a t  space observation o f f e r s  them a valuable business too l .  A 
Gemini project  photograph of the  western deser t  of Egypt was examined 
by an  Egyptian geologist  working a t  t h e  University of California.  He 
saw photographic evidence t h a t  mineral deposits  i n  t h i s  area  were at  
l e a s t  4 times a s  l a rge  a s  ea r th  research has shown. 
An ea r th  f au l t ,  s imi lar  t o  those i n  t he  o i l - r i ch  Arabian 
peninsula, showed up i n  space photos i n  northeast Africa where o i l  
has not yet  been found. O i l  companies a r e  using s a t e l l i t e  photographs 
t o  loca te  po ten t ia l  o i l  bearing a r ea s  on t he  ocean f loor .  It i s  
possible that o i l  companies w i l l  f inance t h e i r  own space s a t e l l i t e s  
a s  a more economical means of f inding deposits  a s  compared with 
conventional exploration techniques. 
James J. Haggerty recent ly  wrote an  in te res t ing  and comprehen- 
s ive  a r t i c l e  f o r  the A i r  Force and Space Digest on the  benef i t s  of 
t he  Space ~ r o g r a m 3 ~ ;  M r ;  Haggerty i s  a leading aerospace writer, he 
has served on the  s t a f f  of Col l iers  Magazine and Look Magazine, He 
3'~arnes $, Haggerty, 
A i r  Force and Space 
m,s a l s o  a repor te r  f o r  American Avia,tion Magazine, Avia Lion Daily and 
the Jowm,,l of' the A-raed Forces, Re ??_as writter! exter!s?-vely f01- ency- 
clopedias and 5s the  author or  co-aathar of eleven books in the  f i e l d  
of aerospace and i s  the  ed i to r  of t he  Aerospace Year Book, He has won 
a number of awards f o r  h i s  aerospace report ing.  
Mr. Haggerty f e e l s  t h a t  t he  U. S. space investment is a l ready 
paying handsome dividends, "hardtt benef i t s  of p r ac t i c a l  value as wel l  
as l i t t l e  understood gains i n  s c i e n t i f i c  knowledge and national  pres t ige .  
The benef i ts  include new techniques, new processes, new services, new 
products, even new companies formed t o  exploi t  the  wealth of technological 
know how accumulated i n  twelve years of concentrated space e f fo r t .  Col- 
lec t ively ,  says Haggerty, these  innovations contribute t o  an improved 
standard of l i v ing  and produce a concrete boost t o  the  general economy 
running t o  t ens  of mill ions of do l la r s .  He f e e l s  t h a t  t he  benef i t s  
now being reaped a r e  only a t r i c k l e  compared with t h e  f lood t o  come 
and not i n  t he  future  but  now, within t he  decade j u s t  s t a r t i ng .  He 
f e e l s  t ha t  t he  r e a l  payoff i s  about t o  begin and j u s t  the  evident 
benef i t s  a r e  tremendous i n  potent ia l .  Although what he says has 
e s sen t i a l l y  been s t a t ed  elsewhere i n  t h i s  thes i s ,  I would l i k e  t o  
quote d i r e c t l y  a general statement by Mr. Haggerty on space program 
benefi ts:  
They Lzpace program benefit$ span a broad spectrum 
ranging from new leve l s  of convenience t o  d i r e c t  
appl icat ions  i n  the  most pressing a reas  of g lobal  
concern - food shortages i n  an  overpopulated world, 
public health, a i r  and water pollution,  education, 
t ranspor ta t  ion saf e t a  l a w  enforcement, and urban 
development. They Lspace program benef i t s 7  promise 
new l eve l s  of business efficiency,  improvTd resources 
management, accelerated discovery of o i l  and minerals, 
and reduction of l i f e  and property losses  from natural  
d i sas te r s .  
Haggerty describes space benef i t s  a s  being i n  one of two cate-  
gor ies ,  " ~ e r i v e d "  benef i ts  a r e  those, l i k e  new products and processes, 
derived from the  general fund of technological knowledge, "Direct" 
benef i t s  a r e  those provided by orb i t ing  spacecraft  or "applications" 
sa, telI i tes,  which do ea r th  jobs be t t e r  or perform tasks t ha t  ca*nnot 
be accomplished by earth-based systems. 
Congressmn George P. Miller  of @alif"ornia, Wi rman  of' the 
Committee on Science a,nd As-Lromutics House of Representatives, on 
August 6, 1970 compared our present space exploration with the  era of 
B r t h  exploration some 400 t o  500 years ago, He said t ha t  a f t e r  
Columbus showed the  way i n  1492, the re  were almost 100 voyages t o  t h e  
new world i n  the  next decade; and t he  nations t h a t  l ed  t he  world 
p o l i t i c a l l y  and economically f o r  centur ies  were those that l ed  i n  
continental  exploration - par t i cu la r ly  England, France, I t a l y  and 
Spa in. 
Congressman Miller  a l s o  mentioned how Mark Twain once remarked 
t h a t  everybody t a l k s  about t h e  weather but  nobody does anthing about 
it. Congressman Miller  sa id  no longer is that t rue .  He said  we now 
have vas t ly  improved weather forecasting,  and we have a po ten t ia l  of 
weather control  o r  modification, l a rge ly  by means of new too ls  developed 
by NASA i n  t h e  space program. These t oo l s  include sounding rockets,  
s a t e l l i t e s ,  radar  and lase rs ,  computer systems and highly e f f i c i e n t  
data  transmission systems. Since 1966, U. S. weather s a t e l l i t e s  have 
watched every major storm threatening the  nation, 
Soon t o  come in to  being a r e  the  Earth Resources S a t e l l i t e s  which 
w i l l  bring unprecedented benef i ts .  These unmanned space vehicles w i l l  
be ab le  t o  pinpoint e a r l y  indications of crop disease, previously 
undiscovered sources of f resh  water, the  beginnings of locust  swarms 
i n  barren country and global weather pa t te r s .  
Representative Charles A. Mosher, Ohio, a member of the  Committee 
on Science and Astronautics, i n  a speech before t ha t  committee i n  Apr i l  
of 1970, discussed our weather s a t e l l i t e s  and t he  NASA Applications 
Technology S a t e l l i t e s  (ATs) equipped with Automatic Pic ture  Taking (APT) 
systems. These s a t e l l i t e  systems have made weather information ava i l -  
ab le  t o  a l l  nations. More than 50 countries today a r e  ab le  t o  view 
da i l y  weather pat terns  over t h e i r  own t e r r i t o r y ,  And through t he  
World Meteorological Center every nation has access t o  cloud p ic tu re  
mosaics from our s a t e l l i t e s .  The mosaics a r e  rout inely  mde ava i lab le  
t o  the  Center by our Weather Bureau. 
Captain James Lotrell (astronaut)  comented33 on t h i s  weather 
sakellrlte system when he s bated: 
Space technology o f f e r s  tremendous opportunit ies f o r  
in te rna t iona l  cooperation on a basis  of mutual benef i t  
r a ther  than a s  a means fo r  mutual defense. For example, 
any nation i n  t he  world can make use of the  data  and 
cloud cover photographs supplied by our weather s a t e l -  
l i t e s  simply by i n s t a l l i n g  an Automatic Pic ture  Taking 
Transmission Sta t ion.  
To give one example of the  quanti ty of weather information 
ava i lab le  and the  information gathering capab i l i ty  of t he  weather 
s a t e l l i t e ,  NASA's Nimbus 111, launched last April ,  c a r r i e s  a new 
infrared spectrometer t o  measure the  v e r t i c a l  temperature of t he  
atmosphere. It has  proven highly accurate and has transmitted da i l y  
from o rb i t  t h e  equivalent of 10,000 conventional atmospheric soundings 
by balloons o r  sounding rockets. Its use operat ional ly  f o r  weather 
forecasting began l a s t  June and has s ign i f ican t ly  improved prediction 
with respect  t o  upper atmosphere flow. 
Representative Louis Frey, Jr, of Florida, member of t h e  Committee 
on Science and Astronautics made some extensive comments before t he  
committee on Apr i l  21, 1970 on t he  benef i t s  of t he  space program t o  our 
weather forecast ing a b i l i t y .  Some of t he  highl ights  of t h a t  speech 
a r e  mentioned i n  t he  paragraphs t h a t  follow. 
Beginning i n  the  ea r ly  1960's t he  space program developed 
and put i n to  operation revolutionary new systems f o r  
weather forecasting.  I n  1969, Hurricane Camille k i l l e d  
256 persons, another 68 a r e  missing and presumed dead 
and t he  t o t a l  damage i s  estimated a t  $1.42 b i l l ion ,  ye t  
t h i s  deadly hurr icane 's  path, force, and extent  were 
predicted ea r ly  and accurately enough by a s a t e l l i t e  
t o  permit t h e  evacuation of 70,000 people from the  
a f fec ted  gulf coast  s t a t e s .  Without t h i s  warning ESSA 
estimated that 50,000 people might have l o s t  t h e i r  l i v e s .  
Before s a t e l l i t e s ,  such as the  ESSA. s a t e l l i t e  which observed 
Camille, a storm could be born unobserved i n  the  t r op i ca l  seas and 
sweep into  an inhabited coasta l  zone without warning, driving a wal l  
of water before it and wind ripping towns i n to  kindling. One such 
3 3 ~ ~ e e e h  by Captain James Loveii, il, X, Navy, H A S  Astromut,  a t  Roeh- 
hurst College, Kansas City, Mo, describing benef i t s  of the space 
program, May 14, 1970 
storm a t  the  "tun of the  century c h i m e d -  5,000 Ifves,  m s t  of them i n  
Ckilveston, Texas; another killed 4,000 i n  the  West Endfes i n  1928, and 
a s  recent ly  a s  1959, 1,500 l i v e s  were l o s t  t o  a ki l ler -s torm t h a t  struck 
Mexico. 
The advent of t h e  weather s a t e l l i t e  system has brought a sharp 
reduction i n  storm casual t ies .  From i t s  sen t ry  post i n  space, the  
s a t e l l i t e  can de tec t  the  buildup of a dest ruct ive  storm and a l e r t  
meteorologists t o  i t s  existence. Weather s a t e l l i t e s  now do more than 
jus t  photograph t he  clouds. With t he  new sensors, s a t e l l i t e s  take 
pic tures  not only i n  the  v i s i b l e  l i g h t  spectrum, but a l s o  i n  infrared,  
showing cloud p t t e r n s  by night a s  well  as by day. A continual r e l ay  
of photos enables the  weatherman t o  t rack  the  storm, estimate i t s  force  
and predict  with accuracy when and where it w i l l  s t r i k e  inhabited areas .  
Continuing with Congressman Frey's  speech, he said: 
A severe f reeze  i n  Florida 2 years ago p9687 damaged 
c i t r u s  and other ag r i cu l t u r a l  crops t o  the  Tune of 
$100 mill ion.  I n  California last year major floods 
caused $265 mil l ion i n  damage. I n  a 1966 speech 
D r .  Glenn Seaborg, presently Chairman of the  Atomic 
Energy Commission, estimated t h a t  i f  weather could 
be accurate ly  predicted even 3 days i n  advance, man 
could save $60 b i l l i o n  a year. Yes t h i s  i s  b i l l i on ,  
not mill ion.  H i s  estimates came from a comprehensive 
17-volume study made by the  IBM Corp. on the  a b i l i t y  
of s a t e l l i t e s  t o  improve weather forecasting.  While 
t he  study assumes t ha t  t he  fo recas t  would be 90 t o  
95 percent accurate and that t he  respect ive  agencies 
or  corporations involved would a c t  immediately t o  
minimize t h e  e f f ec t s  of severe weather, t h i s  is an  
amazing prediction. A study panel of t he  National 
Academy of Sciences' National Research Council r a ted  
economic benef i ts  of a long-range forecast ing system 
a t  $2.5 b i l l i o n  yearly. This estimate covers only 
the  four broadest and most v i s i b l e  a reas  of benef i t  - 
agr icul ture ,  construction, transportat ion,  and flood- 
storm control  - and is f o r  the  United S ta tes  alone. 
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The Nimbus I11 s a t e l l i t e  launched i n  Apri l  of 1969 
f o r  t he  f i r s t  time relayed t o  ea r th  a v e r t i c a l  pro- 
f i l e  of atmospheric temperature from the  ground t o  
the  upper l e v e l  of the  atmosphere, This has ad- 
vanced our present meteorological s a t e l l i t e s  
immensely - as presently they a r e  based on cloud. 
cover photos. ThLs is not enough, as the prilnary 
clues to the distrtbution of sola,r energy - and 
hence the type of weather - are temperatwe, pres- 
sure, the movement of air masses, and the moisture 
content of the  a i r ,  Today t he  information i s  
obtained from700 s t a t i ons  covering only one-f i f th  
of t he  ea r th ' s  surface, and these repor t s  a r e  per i -  
odic ra ther  than continuous. The only way t o  obta in  
t he  required data  on t he  en t i r e  ea r th  i s  by s a t e l l i t e s .  
The only way t o  co l lec t ,  analyze and disseminate t he  
information is  by an integrated, computerized data  
transmission f a c i l i t y .  The required new sensors 
w i l l  be t e s t ed  through Nimbus and app l ica t ion  tech- 
nology s a t e l l i t e s .  ESSA hopes t o  have operat ional  
s a t e l l i t e s  by 1972. If a l l  goes well, a d  t h i s  
includes adequate funding, t h e  system w i l l  be i n  
fill operation by t h e  end of the  19701s, giving 
us t h e  weather not 3 days, but  2 weeks i n  advance. 
Representative D. E. Lukens, ~ h i o ~ ~  gave a recent  in te res t ing  
example of t h e  use of weather s a t e l l i t e s :  
Late i n  1968, very heavy r a in s  f i l l e d  t he  Nazas 
River Valley Dam i n  Mexico t o  a dangerous l eve l  
which threatened t o  break t he  earthen dam. I n  
order t o  r e l i eve  the  pressure, it would have been 
necessary t o  re lease  great  quan t i t i es  of water 
that would have wiped out the  towns of Torreon and 
Gomes Palacios. But t he  Mexican au tho r i t i e s  had 
avai lable  t o  them weather s a t e l l i t e  readouts t h a t  
showed the  weather was c lear ing t o  the  west. A s  
a r e s u l t  t h e  dam was not opened, t he  weather d id  
clear,  and t h e  previous i r r i ga t i on  supply and t he  
towns were preserved. What value do you think 
the  Mexican o f f i c i a l s  place on the  information 
they received from space? 
Continuing h i s  t a l k  he spoke about t h e  new forthcoming family 
of s a t e l l i t e s  cal led ea r th  resources s a t e l l i t e s ,  he said:  
We w i l l  gather i n  great  d e t a i l  knowledge of sources 
of continental  water supply important t o  ever 
expanding hutnan population. For example, i n  t h i s  
instance, we a l ready discovered from space very 
large  seepage of f r e sh  water draining out of t he  
Continental Shelf under the  surface of t h e  sea i n  
such places a s  o f f  t he  coast of California and t he  
Red Sea, 
34~peech by Representative D. E. Lukens, Ohio, Member, Committee on 
Science and Astromutics, Spring 1970 on the subject of Space 
Program Benefits . 
The prospect of accurate global  weather forecast ing i s  im lnen t  
w i L h  the advent o r  m&lnd% capabi l i ty  t o  orbit s a t e l l i t e s ,  k s J c  
September (1969) Nimbus 111, NASA's most advanced meteorological s a t e l -  
lit? relayed t o  ea r th  a complete p ro f i l e  of bhe temper'a"ces a t  every 
a l t i t u d e  from the  ground up t o  t he  top  of t he  atmosphere. This was 
compared with a concurrent reading from an instrumented balloon and 
found t o  be almost ident ical .  This was a momentous achievement and 
const i tu ted a s c i e n t i f i c  breakthrough i n  meteorological s a t e l l i t e  
development. The instrument used was a S a t e l l i t e  Infrared Spectro- 
meter (SIRS) which made possible a v e r t i c a l  sounding temperature 
reading. This sensor coupled with other metsat advances and improve- 
ments i n  the  ground-based weather-analysis system hold t he  key t o  
accurate weather forecast ing two weeks or  more i n  advance. A l i t t l e  
thought on t he  matter would seem t o  indicate  t h a t  long-range weather 
forecasting is  po ten t ia l ly  one of the  most productive a reas  f o r  
harvesting benef i t s  from space technology, 
A t  present the  s a t e l l i t e s  most important u t i l i t y  has been t h e  
detect ion of des t ruct ive  storms and i ts  subsequent tracking and 
est imation of force  and impact. The present l imi ta t ion  i s  that the  
o rb i t ing  s a t e l l i t e  only looks a t  t h e  a rea  once every two hours. A 
synchronous s a t e l l i t e  i s  needed f o r  continuous coverage. A t  present 
only cloud cover i s  observed. Other i n fo rmt ion  is concurrently 
needed such as temperature, pressure, a ir  mass movement and the  
moisture content of t he  air. This add i t iona l  information is cur- 
r e n t l y  obtained from a i r c r a f t ,  ships, rockets, balloons, ocean 
buoys, radars, and ground observations. The 700 stat ions period- 
i c a l l y  repor t ing t he  data  cover only 115th of the  ea r th ' s  surface 
so it can be seen t h a t  we a r e  a long way from global  long-range 
weather forecast ing by present methods. 
What is  needed obviously i s  a synchronous metsat system 
equipped with a l l  the necessary sensors. The information gathered 
must then be analyzed, t rans la ted  in to  usable form, and delivered 
t o  weathermen a l l  over the  globe, A vas t  interconnected computerfzed 
da,-ta-"cansnnisslon. system thus becomes a, must, A m t b e m t  i c a l  model 
of the ahosphel~c;  "is a l s o  a ~equjreroent* T h i s  9rovides a compi t r r ized  
numerical representation of the  composition of the atmosphere in order 
to determine what the weaeher w i l l  be %&e under a given set of 
reported or  antici:pated eondi t ions.  
I n  order t o  r ea l i z e  the  goal of the  mathematical model and t he  
data-relay system more than 100 members of the  World Meteorological 
Organization a r e  engaged i n  two massive projects  cal led t he  World 
Weather Watch and t he  Global Atmospheric Research Program (GARP) . 
The Weather Watch is  a surveil lance system f o r  es tabl ishing a 
worldwide, computerized telecommunications network f o r  t ransmit t ing 
and processing meteorological data.  GARP i s  a research program t o  
he lp  understand the  atmospheric processes wel l  enough t o  develop 
t he  math model. 
Over t h e  next few years, NASA w i l l  space-test  t h e  various 
sensors based on photographic, infrared,  microwave, radar and l a s e r  
pr inciples .  The Environmental Science Services Administration (EsSA) 
plans t o  have synchronous metsats i n  o r b i t  by 1972 and by t he  mid 
1970's a f u l l  capab i l i ty  metsat w i l l  be avai lable .  A prototype of 
t h e  long awaited global, long-range weather forecasting system is 
expected t o  be avai lable  by t h e  end of the  decade. 
It doesn' t  require  much imagination t o  visual ize  advantages 
where the  weather w i l l  be known two, th ree  and even four weeks i n  
advance. Some major examples of advantages include b e t t e r  planning 
f o r  a l l  types of t ranspor ta t  ion, av ia t ion  par t icular ly;  subs tan t ia l ly  
reduce l o s s  of crops from weather changes, reduction of f lood and 
storm damage; optimum scheduling of work force, machinery, and 
materials  del ivery a t  construction s i t e s ;  and be t t e r  management of 
public u t i l i t i e s  ( e l ec t r i c ,  gas, phone, water) through advance know- 
ledge of load requirements and e f f i c i e n t  scheduling of maintenance 
operations, Other examples could a l s o  be given such a s  on-location 
motion pic ture  f i lming and programming outdoor spor ts  events a s  wel l  
a s  scheduling the  family or  company picnic, day a t  the  beach o r  
boat r i d e  . 
Among the  broadest benef i ts ,  a s ide  from general public con- 
venience a r e  saving of l i f e  and property, a subs tan t ia l  gain i n  
worldwide crop yie ld  sat a time when population expansion threatens 
the world food svgply, and hard economic ga ins  o f  tremendous scope- 
Ea r l i e r  in t h i s  t'nesis an eslimated anrlml savir~g of $6.75 biPEiijn 
was mentioned i f  an  accurate five-day forecast  were ava i lab le  f o r  
agr icul ture ,  lumber business, surface transportat ion,  r e t a i l  
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marketing and water resources mamgement, Another est imate made by 
t h e  National Academy of Sciences National. Research ~ o u n c j 1 ~ ~  s La.tcs 
t h a t  t h e  economic benef i t s  of a Long-range forecas t ing system a r e  
$2.5 b i l l i o n  i n  the f i e l d  of agr icu l tu re ,  construct  ion, t ranspor ta t ion?  
and flood/storm control ,  One th ing  seems t o  be evident  on p o t e n t i a l  
savings, applying even t h e  most conservative estimates, t h e  yea r ly  
economic r e t u r n  of t h e  global  system i n  severa l  times t h e  amount of 
a l l  t h e  money expended on metsat research s ince  t h e  f i rs t  such s a t e l -  
l i t e  was orb i t ed  i n  1960. 
The f i n a l  benef i t  of long-range global  weather fo recas t ing  i s  
t h e  most s taggering of a l l  and t h a t  is  t h e  a b i l i t y  t o  change t h e  
weather. Haggerty expresses t h e  p o s s i b i l i t y  very well;  36 
And once t h e  system E l o b a l  long-range weather fore-  
cas t ing7  i s  f u l l y  o p ~ r a t i o n a l ,  man w i l l  be a b l e  t o  
r e a l i z e  one of h i s  o ldes t  and fondest  dreams - t o  
"do something about t h e  weather. " With current  and 
foreseeable  advances i n  t h e  ar t  of weather modifi- 
cation, abe t t ed  by t h e  vast encyclopedia of atmos- 
pheric knowledge provided by t h e  mathemt ica l  model 
and t h e  metsat r epor t ing  system, it appears not only 
poss ib le  bu t  probable that weather condit ions can be 
a l t e r e d .  S c i e n t i s t s  f e e l  t h a t  it w i l l  be possible 
t o  change t h e  timing, amount, and d i s t r i b u t i o n  of 
r a i n f a l l ;  t o  take  t h e  s t i n g  out  of  des t ruc t ive  
storms by reducing t h e i r  i n t e n s i t y  o r  d i r e c t i n g  
them i n t o  harmless paths; t o  suppress h a i l  and 
l ightning;  t o  c l e a r  fog; t o  prevent f r o s t ;  even - 
though it is  f a r t h e r  down t h e  road - t o  e f f e c t  
l a rge -sca le  changes of climate. 
Mention has been made severa l  times i n  t h i s  t h e s i s  about t h e  
use of s a t e l l i t e s  f o r  navigation purposes, s p e c i f i c a l l y  the  U.S. Navy 
system c a l l e d  T r a n s i t ,  This a r e a  while not of general  i n t e r e s t  i s  
c e r t a i n l y  of genera l  importance and therefore  w i l l  be t r e a t e d  i n  
g rea te r  d e t a i l  i n  the  paragraphs f oblowing . 
The Navy navsat system has been i n  use s ince  1964 t o  pinpoint  
t h e  loca t ion  of f l e e t  b a l l i s t i c - m i s s i l e  submarine (FBM) which c a r r i e s  
t h e  p o l a r i s  missi le ,  one of the  major components i n  our nuclear de te r -  
r e n t  c a p a b i l i t y ,  Eefore t h e  navsat, m v i g a t i o n  e r r o r s  of two t o  three  
miles were frelyuently experienced i n  good weather a,nd a s  much a,s $0 
miles in bad weatAer, The miZi3vsat system provides a m,vigation f i x  w i t h  
3 5 ~ a g g e r t y ,  op. c i t . ,  p. 8. 
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e r ro r s  a s  small a s  Lhe length. of a submarine, The Ravy mvsa,t is f o r  
determination of one submarines loca t ion  so t ha t  t h e  miss i le  (if and 
when f i r e d  a t  an  enemy t a rge t )  w i l l  h i t ,  where desired.  
Using the  accurnuhted Navy experience a s  a design d e w r t u r e  
point, c i v i l  agencies a r e  working on a combined navigation and t r a f f i c  
control  system fo r  m r i n e  and av ia t ion  t ranspor ta t ion with t he  capa- 
b i l i t y  of surveil lance and control  of l a rge  numbers of c r a f t .  
The proposed c i v i l  navsat system would have a pa i r  of syn- 
chronous (s ta t ionary)  s a t e l l i t e s  over each ocean which would become 
a precise ly  located a r t i f i c i a l  s t a r  ( o r  reference point)  f o r  f i x ing  
a i r c r a f t  and sh ip  posit ions.  The two s a t e l l i t e s  would send a s igna l  
t o  t he  c r a f t  which would be t r iggered back t o  the  s a t e l l i t e .  Computer 
determination of the  time of s igna l  t r a v e l  gives the  exact d is tance 
between s a t e l l i t e  and c r a f t .  The in te r sec t ion  point of the  s igna l s  
between both s a t e l l i t e s  and t h e  c r a f t  is  a n  exact navigation f i x  t o  
t he  c r a f t ' s  navigator and t o  t he  land-based t r a f f i c  control  center.  
NASA has  been conducting navsat t e s t s  f o r  several  years with 
t h e  Applications Technology S a t e l l i t e s  and several  a i r l i n e s  have 
been conducting s a t e l l i t e  t o  a i r c r a f t  t e s t s .  The r e s u l t s  have demon- 
s t r a t ed  t h e  workability of a c i v i l  navsat system. NASA and t he  Federal 
Aviation Administration a r e  developing plans f o r  a prototype one ocean 
system which is expected t o  be operational  f o r  a i r c r a f t  and ships by 
1975 * 
The Boeing 747 a i r l i n e r  w i l l  have a very accurate onboard 
navigational  equipment ca l l ed  the  Carousel IV. This system i s  an 
automatic i n e r t i a l  system f o r  providing independent navigation 
capab i l i ty  f o r  t he  a i r c r a f t .  Essen t ia l ly  an i n e r t i a l  system senses 
a l l  movements of the  a i r c r a f t  and in tegra tes  t h i s  information by a n  
onboard computer in to  a continuous navigation f i x .  This f i x  is  
constantly monitored and checked aga ins t  an  independent ground con t ro l  
system. 
The Carousel IV i s  a  d i r e c t  example of a double spinoff ,  
~ r o u s e l  was developed using the  knowledge gained from the  Apollo 
guidance and control  equipment used on board the command and service  
rnodule Tor the round. t r i p s  t o  the moon and on the  lunar module f o r  
the mniled landing oa the   moo^^, Carousel was designed and b u i l t  by 
A C. ELectronics (now the  DeZco ~ o r p o r a t i o n )  . The Apollo equipment 
m,s 0rigim+,1%y designed by the Massachusetts Institvrte of Technolow 
and bui ld  by A,C, Electronics,  The Apollo equipment was a design 
modification of t he  Polar is  miss i le  equipment a l s o  designed by J!UT. 
And so the  spinoff s tory  i s  complete from DOD t o  NASA t o  c i v i l i a n  use. 
The Earth Resources Technology S a t e l l i t e  development i s  a l ready 
underway and t he  f i r s t  ERTS w i l l  be sent  i n to  o r b i t  i n  1972. These 
s a t e l l i t e s  w i l l  have a l imi ted c a p b i l i t y  and w i l l  be technical  
stepping-stones f o r  t he  ea r th  resources system which has a pos s ib i l i t y  
of becoming operational  within t h i s  decade. The 1972 EBTS w i l l  produce 
a land-use map of t h e  United States,  c l a s s i f y  surface geological fea-  
tu res  f o r  mineral exploration, iden t i fy  s o i l  f ea tu res  fo r  ag r i cu l t u r a l  
purposes and c o l l e c t  information from unmanned ear th  based devices 
such as r i v e r  gauges. 
An in te res t ing  NASA. development i n  t h e  f i e l d  of computer 
programs dissemination has been t he  establishment a t  t he  University 
of Georgia of t he  Computer Software and Management In fo rmt ion  Center 
(COSMIC) f o r  t h e  benef i t  of t he  business community. Computer programs 
come t o  t he  center from NASA f i e l d  i n s t a l l a t i ons ,  NASA contractors, 
DOD, AEC and un ivers i ty  research laborator ies .  They a r e  reviewed 
f o r  t h e i r  adap tab i l i ty  t o  other uses and l i s t e d  i n  a quar ter ly  
b u l l e t i n  s t a t i n g  t h e  types avai lable .  A computer program i s  a 
sequence of ins t ruc t ions  on tape t e l l i n g  a computer how t o  solve a 
problem o r  produce desired information using stored inputs and external  
inputs . 
An example of t he  broad u t i l i t y  of space program software i s  
i l l u s t r a t e d  by a computer program used i n  t h e  design phase of the  
rocket engine t h a t  powers the  upper s tages  of the  Saturn V launch 
vehicle,  Engineers a t  Bonneville E a m  employed t he  same basic program 
i n  t h e i r  design of control  c i r c u i t r y  and General Foods used it f o r  
food preparation research. The University of North Carolina adapted 
it t o  public hea l th  s tudies .  With modifications f o r  t h e i r  spec i f i c  
needs, more than 390 America,n businesses found a use fo r  t h i s  one 
program. A per fec t  example of space program spinoff ,  
The i r a p c t  of t h e  space e f f o r t  on Comunications laas been 
expecial ly noteworthy. The b e n e f i t s  t o  soc ie ty  through improved com- 
munications a r e  i n f i n i t e ,  Comunications a r e  t h e  nervous system of 
organized soc ie ty  and o f f e r  a bas ic  t o o l  f o r  economic and s o c i a l  
progress. J u s t  as an example, t h e  l a r g e s t  audience i n  world h is tory ,  
over h a l f  a b i l l i o n  people, witnessed man's first s t eps  on t h e  moon 
and shared with t h e  as t ronau t s  t h e i r  i n s t a n t  observations and reac t ions  
t o  the  first manned landing on t h e  moon. 
The f i r s t  communications s a t e l l i t e s  were NASA's ECHO, Teles tar ,  
Relay, Syncom and t h e  Soviet  s a t e l l i t e  Molneya. The e x ~ n d e d  use and 
operat ion of t h e  work s t a r t e d  by NASA on communications s a t e l l i t e s  was 
undertaken i n  1965 by t h e  new Comsat Corporation (~ommunications 
S a t e l l i t e  corporat ion) ; and by I n t e l s a t  ( ~ n t e r n a t i o n a l  Telecommunications 
S a t e l l i t e  ~onsor t ium) ,  a n  in te rna t iona l  consortium of 62 nations t o  
handle global  s a t e l l i t e  communications. I n t e l s a t  is managed by Comsat. 
Current I n t e l s a t  s a t e l l i t e s  have a capaci ty  of 1200 two-way 
telephone c i r c u i t s  or  four color TV channels. Five thousand (5000) 
two-way c i r c u i t s  a r e  scheduled f o r  next year.  I n  1960 l i v e  TV could 
not be t ransmit ted  ac ross  t h e  At lan t i c .  Ear ly  t h i s  year s a t e l l i t e s  
provided closed c i r c u i t  t e l e v i s i o n  and two-way voice c i r c u i t s  between 
t h e  United S t a t e s  and Europe so that 30,000 European doctors could 
have a th ree  hour t r a n s a t l a n t i c  conference between American doctors 
i n  Texas and t h e i r  counterparts  i n  Switzerland, Germany and Austr ia .  
Communications s a t e l l i t e  savings i n  money a r e  considerable. 
For example, before s a t e l l i t e s ,  a west coast-to-Japan cable c i r c u i t  
cos t  $15,000 per month. Comsat now o f f e r s  t h i s  service  a t  $4,000 per 
month. Comsat provides hundreds o f  jobs i n  t h e  urban a r e a s  of o w  
country which many say do not b e n e f i t  from t h e  space program. Sa te l -  
l i t e  r e lays  do away with t h e  necess i ty  f o r  t h e  t a l l  r e l a y  towers, 
30 miles a p a r t  o r  with t h e  necess i ty  f o r  expensive submarine cables.  
A s a t e l l i t e  channel runs about one-sixth t h a t  of a c i r c u i t  on a 
submarine cable,  
S a t e l l i t e s  properly placed i n  o r b i t  i n  relation t o  each other  
can provide eornpbete global. eomunieat ion coverage, A stupendous f e a t  
indeed which i s  not matched by ground based eomunica"cions a,t the  -pre- 
sent  t i m e  and cannot be matched except a t  prohibi t ive  c o s t ,  
Representative J e r ry  L. P e t t i s  of ~ a l i f o r n i a ~ ~  described a 
vniqrre use placfied fo r  a comuniea,"con sa le1lit.e system: 
In  a spec i f ic  agreement with t h e  Indian Government, 
a l a t e r  version of t h i s  ATS s a t e l l i t e  w i l l  provide 
an operational  system fo r  ins t ruc t iona l  use i n  India.  
It w i l l  broadcast over t h a t  vast  country d i r e c t l y  t o  
specia l  low-cost t e lev i s ion  receivers .  Bui l t  and 
maintained by India, t h e  program i s  scheduled f o r  
operation i n  1972. The Indian Government w i l l  pro- 
vide i n i t i a l l y  programmed in fo rmt ion  on improve- 
ments t o  l o c a l  agr icu l tu re  and on population control ,  
The educational advantages a r e  enormous f o r  t h i s  type 
of system and underdeveloped countries throughout t he  
world w i l l  ge t  f i r s t  hand information on the  p r ac t i c a l  
value of such a system. The economic and soc i a l  value 
t o  them of such a system i s  beyond measure. 
The communications experiment i n  India whereby 5,000 v i l l ages  w i l l  
receive d i r e c t  transmissions from an  Applications Technology S a t e l l i t e  
(ATS) i n  synchronous o rb i t .  A synchronous s a t e l l i t e  o r b i t s  a t  22,300 
miles. A t  t h a t  height it is orb i t ing  a t  t he  same speed t h a t  t he  ea r th  
i s  ro ta t ing  and so i n  e f f ec t  it is  s ta t ionary  with respect  t o  the  ground 
below. From t h i s  vantage point t he  s a t e l l i t e  can broadcast o r  "see" 
approximately f o r t y  percent of the  earth,  th ree  synchronous s a t e l l i t e s  
can cover the  globe with considerable overlap. A simple i l l u s t r a t i o n  
of how t h i s  works would be t o  take th ree  i ce  cream cones and a red 
rubber hand b a l l .  The point of t he  cone is t he  s a t e l l i t e  and t he  
widest point where t he  i ce  cream goes is the  ea r th  coverage area  of 
the  s a t e l l i t e .  Place the  widest point of t h e  cones over the  b a l l  
( which represents t he  ear th)  and we now have what looks l i k e  a b a l l  
with th ree  points projecting from it. This i s  what complete broadcast 
coverage of t h e  ea r th  by th ree  synchronous s a t e l l i t e s  would look l i k e .  
The Indian experiment which w i l l  l a s t  one year is unique i n  
that t h e  s a t e l l i t e  would broadcast d i r e c t l y  t o  5,000 v i l l ages .  The 
te lev i s ion  s e t s  on t he  ground w i l l  be ab le  t o  receive t he  transmission 
d i r ec t l y ,  The important th ing  i s  t ha t  t he  s ingle  s a t e l l i t e  t ransmit ter  
w i l l  replace the  several  dozen conventional ground broadcast s t a t ions  
t h a t  would have been required t o  transmit t o  the  5,000 v i l l ages*  A 
study by one aerospace f L r m  working on direet-broa,dcast sa , t e l l i t e s  
376peech by Representative J e r ry  %. Pe t t i s ,  California,  Member Committee 
on Scienee and Astronautics, Spring 1970, on t h e  sub jec t  of space 
program benef i t s  . 
indica tes  t h a t  it i s  both t echn ica l ly  and economTca22y f e a s i b l e  t o  
provLde Lnd-Ta a,s early as 1974 with a s ing le  s a , t e l l i t e  cap,bLe (32 
l ink ing  all of t h e  na t ion ' s  560,000 v i l l a g e s .  The p o t e n t i a l  i s  
enormous. With a dear th  of teachers  and educational  f a c i l i t i e s ,  no 
interconnecting system of TV land l ines  and i n s u f f i c i e n t  funds t o  bu i ld  
one, India can use the  space s a t e l l i t e  a s  a n  immediate i n s t r u c t i o n a l  
t o o l  f o r  t h e  u p l i f t  of i t s  500,000,000 people. For a f r a c t i o n  of t h e  
cos t  and about one-tenth t h e  time it would take  t o  bu i ld  a conventional 
system, India ( o r  any other  nat ion) can acquire  a nationwide communi- 
c a t  ions network. 
Some of t h e  b e n e f i t s  include t h e  f a c t  t h a t  such a communications 
network w i l l  he lp  k n i t  a burgeoning country more c lose ly  together,  
speed t h e  growth of commerce and technology, and b r ing  entertainment 
t o  people who have known l i t t l e .  More importantly, it a f fo rds  a 
d i r e c t  a t t a c k  on some of t h e  world's most pressing i l ls  through i t s  
use as a n  educational  medium. I n d i a ' s  planned t a rge t s ,  f o r  instance, 
overpopulation and low y i e l d  per a c r e  of t i l l a b l e  land, a r e  examples 
of major problem a r e a s  suscept ib le  t o  improvement by mass ins t ruc t ion .  
The b e n e f i t s  t o  soc ie ty  of communications s a t e l l i t e s  are wide- 
spread. Communications a r e  t h e  nervous system of a n  organized tech- 
nological  society.  Good global  communications a r e  a v i t a l  necess i ty  
i n  t h e  world today. They a r e  t h e  bas ic  bui ld ing blocks of economic, 
s o c i a l  and technological  progress. The world is  witnessing and i s  i n  
t h e  midst of a global  "communications explosion" which w i l l  have far 
reaching e f f e c t s .  NASA has l e d  t h e  a l ready dynamic telecommunications 
indust ry  in to  a newer, f a r  more e f f i c i e n t  method of providing long 
dis tance  immediate communication. 
A grea t  many other s ignif icant ,  though Less earth-shaking 
"spinoffs" of  the  space industry have added t o  &Lly comfort a n d  eon- 
Iiousewives a r e  using the  new a l k a l i  s i l i c a t e  p i n t  
developed by space s c i e n t i s t s  which covers e a s i l y  with one coat, 
yet  strongly r e s i s t s  fading from detergent washing. 
Sealants used on the  seams of spacecraf t  a r e  now used 
successfully f o r  caulking bathroom t i l e s .  
Students a r e  benef i t ing from a miniature planetariwn made 
possible by the  vas t  amount of data recent ly  ava i lab le  on lunar and 
planetary t r a j ec to r i e s .  This device can determine t h e  r e l a t i v e  posit ion 
of heavenly bodies on any given day i n  t he  twentieth century. 
Space s c i e n t i s t s  have even contributed ind i rec t ly  t o  the  
improvement of l a d i e s '  undergarments. A laminating technique invented 
fo r  t he  production of spacesuits  i s  used by brass ie re  makers t o  give 
American womanhood a more comfortable u p l i f t .  
A small company working under contract  f o r  NASA and the  
U.S. Atomic Energy Commission developed a way t o  form pyrolytic graphite 
in to  insu l t ing  spacer cups f o r  use i n  nuclear powered rockets.  The 
technique is now used i n  machining the  same materials  in to  l i n e r s  fo r  
the  bowls of tobacco pipes tha t ,  as a r e su l t ,  remain cool t o  the  tough 
throughout t h e  smoke. R e t a i l  s a l e  of the  pipes has passed a mill ion 
do l la r s  . 
Teflon has become a household word centered i n  the  kitchen 
because of i t s  app l ica t ion  as a non-stick device t o  cookware. These 
a l s o  a r e  der ivat ives  of the  nat ional  space and miss i le  programs. 
Representative Guy Vander Jagt ,  Michigan, commented on an i n t e r -  
national  aerospace information exchange system that NASA has implemented. 38 
An in te res t ing  and useful  capabi l i ty  that we have 
developed i n  the  computer information f i e l d ,  which 
may be a breakthrough i n  in ternat ional  data exchange, 
i s  an  American-European computer-based information 
storage and r e t r i e v a l  system s e t  up by NASA i n  agree- 
ment with t h e  European Space Research Organization 
ESRO). Supplementing longstanding document exchange 
procedwes w i t h  ESRO, the  MS~~/BECON system provides 
access t o  aerospa,ee l i t e r a t w e ,  and i s  probably 
38~emarks by Representative Guy- Vander Jagt, Michigan, Member, Cormnittee 
on Science and Astronautics, presented i n  the  9th D i s t r i c t  of Michigan, 
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t he  most advanced i n  t he  world, From a computer 
center Ln Darmstad-"i; West Germny, this powerful 
system serves s c i e n t i s t s  through remote terminals 
i n  Par i s  and Brussels, Additional terminals a r e  
being ins ta l l ed  t o  extend t he  network, A l l  major 
NASA fieEd centers a r e  t i e d  in to  t he  system which 
involves a two-way exchange of NASA and European 
aerospace l i t e r a t u r e  indexes. Nearly 300 govern- 
mental, academic and research organizations i n  
some 50 countries par t i c ipa te ,  furnishing a foun- 
dat ion f o r  development of fu r ther  advances t o  serve 
t he  world aerospace community. No doubt similar 
arrangements and systems might be s e t  up f o r  other 
kinds of information exchange between interes ted 
agencies, t h i s  promoting fu r ther  in te rna t iona l  
cooperation on basic  l eve l s .  
A unique "find" from the  Apollo 12 mission i s  a rock about t h e  
s i z e  of a small lemon whose age dates  back t o  the  formation of t h e  
so la r  system. The 4.6 b i l l i o n  year age of t he  sample i s  based upon 
ana lys i s  of i sotopic  r a t i o s  of ~t ront ium-87 t o  ~ubidium-87 and t h e  
isotope composition of Strontium i n  general. 4.6 b i l l i o n  years i s  
the  age a t  which most s c i e n t i s t  bel ieve t h e  planets and perhaps 
the  so la r  system a s  a family were formed.39 
Another in te res t ing  development which has been made possible 
d i r e c t l y  a s  a r e s u l t  of having samples of lunar material  t o  experiment 
with. The material  was from the  Appllo 11 and 12 landings on t he  moon. 
Ten NASA employees have applied f o r  a j o in t  patent on a simple and 
p rac t i c a l  device and process f o r  recovering water and i ts const i tuent  
elements, hydrogen and oxygen, from lunar s o i l .  Oxygen can be used 
t o  support l i f e  and as a propellant  f o r  space vehicles. Calculations 
show t h a t  100 pounds of lunar s o i l  would y ie ld  nearly a pound of 
water. Fourteen (14) pounds of oxygen a r e  possible from 100 pounds 
of lunar  s o i l  i f  the  necessary i ron  bearing oxides a r e  f i r s t  con- 
centrated magnetically. 40 
A space research "spinoff" item of po ten t ia l  benef i t  t o  most 
of t he  people i n  the  United S ta tes  is  an automative safe ty  device 
which or iginated i n  the  shock absorber t ha t  is used on the  couches 
9~~ Newspaper, "~oundup", RAE24 Ma-nned 
Spacecraft Center, Houston, Texas, 
i n  the  Apollo Gomnaand Module spacecraft ,  The shock absorber has been 
tested by t he  Bureau of Public Roads i n  eomest ion with highway guard 
r a i l s  and found t ha t  it cu ts  down a 60 mile per hour i m p e t  t o  the  
equivalerdt of a 5 mile per hour i m p e t .  4 l  
The Ford Motor Company i s  aiming a t  incorporating t h i s  device 
in to  an automobile bumper as soon a s  possible, perhaps even on i ts  
1972 models. The economic significance becomes evident i n  two areas,  
f o r  example t he  A l l s t a t e  Insurance Company's announced co l l i s i on  
premium reduction of 20% f o r  ca rs  equipped with t h e  new bumpers. The 
other a rea  i s  the  reduced damage t o  auto  and reduced in ju ry  and death 
t o  people involved i n  auto accidents.  More than 50,000 people a r e  
k i l l e d  every year i n  auto accidents  and more than 3 mil l ion injured. 
About 10 years ago we i n  the  United S ta tes  passed t he  1 mill ion mark 
of persons k i l l e d  i n  auto  accidents.  This is more people k i l l e d  i n  
the  United S ta tes  than a l l  of our wars i n  h i s to ry .  
Another a rea  where large  scale  death, injury and property 
dest ruct ion is  evident i n  t he  United S ta tes  is  i n  f i r e  accidents.  
Some 10,000 people a r e  burned t o  death each year i n  t he  United States,  
and property valued i n  excess of $2 b i l l i o n  i s  destroyed by f i r e  every 
year. On May 6 and 7, 1970 the  Manned Spacecraft Center a t  Houston, 
Texas held a conference on Materials  f o r  Improved F i re  Safety. The 
purpose of t h e  conference was t o  demonstrate t o  industry t h a t  NASA 
f i r e  f igh t ing  and f i r e  prevention technology i s  ava i lab le  and t h a t  
NASA i s  eager t o  help  br ing space developments t o  t he  consumer. 
4%he a rea  of g rea tes t  i n i t i a l  response a t  t he  conference 
appeared t o  be i n  t he  a rea  of new materials .  A F i re f igh te rs  
Association representa t ive  asked f o r  help i n  developing a new 
Universal F i re f igh te rs  Su i t ,  One of the  l a rge  wallpaper mnufaeturers  
has a l ready contacted t he  firms which can produce paper and fabr ics  
which a r e  as decorative as ordinary wallpaper, but  non-flammable a s  
well.  One of t h e  major a i r l i n e s  has asked NASA t o  assist i n  redesign- 
ing the  i n t e r i o r  of t h e i r  a i r c r a f t ,  both i n  t he  cabin and the  passenger 
41&cerpts from Speech by George M. Low, NASA Acting Administrator, 
Houston, Texas, May 2, 1970, 
4 % ~  Newsm~er ,  "~oundup", ''What Earthly Good i, 
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i n  Materials fo r  Im~roved ~ i r c S a f e t v  I 
areas. Tlw Air Force Iviszteriab Comnd.  b s  w,de the same request far 
help with redesigning the interiors of their T-39 sireraft, 
A t  t h i s  f i r e  conference, Congressmn Je r ry  L, Pe t t i s ,  the  
keynote speaker, made t h i s  comment which perhaps i s  indicat ive  of 
the  genera l  NASA philosphy towards making use of space generated 
technology. He sa id :  
43~ecome Space Age Converts: Become be l i evers  i n  
t h e  s o c i a l  b e n e f i t s  of space spin-offs! Become 
d i s c i p l e s  of space research and development! Be 
evange l i s t i c  about helping JXASA f i n d  more c rea t ive  
ways t o  apply  t h e  new technology. 
If you g e t  a good idea, l e t  someone know who w i l l  
t ake  some ac t ion .  If you do, oVners w i l l  too  - and 
t h e  space program w i l l  become our "Mutual ~ u n d "  of 
t h e  fu ture ,  t h e  most p r o f i t a b l e  investment that man 
has ever made. 
S-pee astronomy had made m j o r  advances under the  impetus o f  
s p e e  research,  For example observations of the  Sun and other s t a r s  
a r e  being made i n  wavelength ~ ~ e g i o n s  t ha t  a r e  inaccessible t o  as t ron-  
omers using Earth-based instruments. For example, balloon and 
rocket-borne instruments have discovered t h a t  t he  pulsar i n  t he  Crab 
Nebula emits powerful X-ray pulses. Each pulse contains a s  much 
energy a s  could be produced by co l lec t ing  t h e  e n t i r e  e l e c t r i c a l  
output of our present t e r r e s t r i a l  c i v i l i z a t i o n  f o r  10 mill ion years, 
but  t h i s  pulsar produces such an X-ray pulse 30 times each second. 
The study of such extraordinary e x t r a t e r r e s t r i a l  phenomena w i l l  l ead 
t o  a new understanding of physical processes t h a t  may help  us t o  
improve l i f e  on Earth. 
The dramatic Mariner 6 and 7 Mars flybys have grea t ly  modified 
our thinking about the  pos s ib i l i t y  of l i f e  on Mars. These vehicles 
transmitted 200 times more data about Mars than were obtained from 
Mariner 4. The atmosphere of Mars i s  f a r  more h o s t i l e  than had been 
previously thought. T e r r e s t r i a l  l i f e  forms could not survive on t he  
Martian surface; the  atmosphere i s  so t h i n  t h a t  l e t h a l  u l t r av io l e t  
rad ia t ion  a c t u a l l y  penetrates t o  t he  surface. Indications a r e  t h a t  
oceans have never exis ted on Mars and t h a t  water vapor i s  present 
only i n  vanishingly small quan t i t i es .  
The prospect of l i f e  elsewhere i n  t he  so la r  system and t he  
universe i s  t he  subject  of much past  conjecture and f anc i fu l  s t o r i e s .  
A t  t he  present time, the  search f o r  l i f e  i s  a planned NASA program 
and is qu i te  serious i n  in ten t  and purpose. The subject  of l i f e  
elsewhere than Earth has been given the  name "exobiology". The 
advent of t he  space age has f i n a l l y  provided t 'exobiologists" with 
an  a t t a inab l e  goal  - t ha t  of obtaining data re levent  t o  t he  origin, 
nature and d i s t r i bu t i on  of l i f e  i n  t he  universe. 
To date, with one exception, no reasonable concept of l i f e ,  
other than a s  we know it on Earth has ever been formulated. The 
exception i s  based on t he  discovery i n  November 1970 of amino ac ids  
i n  an Austral ian meteorite; Amino ac ids  a r e  considered the  building 
block o r  prime r equ i s i t e  f o r  the s t a r t  o f  the  ereat ion of l i f e ,  At 
any r a t e  w % t h  o w  present l e v e l  of kno~iled-ge w e  a r e  ope ra t i oml ly  
r e s t r i c t e d  t o  t e r r e s t r i a l  l i f e  a s  a model system, however, it i s  
necessary t o  bear i n  mind the possibil i ty-  of l i f e  forms t ha t  are corn- 
pZeteLy a l i e n  t o  our own planet ,  44 
The subject  of exobiology i s  an i n t eg ra l  p r t  of any planetary 
study, The origin ,  nature and d i s t r i bu t i on  of l i f e  on any given planet  
i s  considered t o  be inextr icably  interwoven with the  o r ig in  and evolu- 
t i o n  of t he  planet  i t s e l f  and must be s tudies  i n  t h a t  l i g h t .  
The goals of exobiology a re :  45 
To obtain  knowledge of the  origin,  nature, l eve l s  of 
development, and d i s t r i bu t i on  of l i f e  i n  the  universe, 
and t o  develop fundamental theor ies  and models based 
on t h i s  knowledge. These goals requ i re  (1) a search 
f o r  e x t r a t e r r e s t r i a l  l i f e  and l i f e  r e l a t ed  chemicals 
on the  Moon and other planets, (2)  a study of the  
ea r ly  chemical and biological  h i s t o ry  of the  Earth, 
and (3) prevention of planetary contamination from 
Earth by e f f ec t i ve  spacecraft  s t e r i l i z a t i o n .  
The discovery of l i f e  elsewhere i n  t he  universe w i l l  most pro- 
bably have a profound e f f ec t  on many of our socia l ,  r e l ig ious  and 
technological concepts. Depending on t h e  l e v e l  of evolution obtained 
by a l i e n  l i f e  forms, we stand t o  gain a grea t  deal  i f  our i n i t i a l  
contacts a r e  handled with wisdom, s k i l l  and understanding. 
Now t h a t  t h e  end of t h e  Apollo landings on the  Moon a r e  i n  
s ight ,  NASA has proposed an evolutionary in tegrated space program 
t o  s e t  t h e  pace f o r  the  decades ahead, a t  l e a s t  u n t i l  the  end of 
the  century. 
Basic programs of t h i s  fu tu re  work include lunar exploration, 
a space s ta t ion ,  a reusable space passenger and f r e igh t  ship, a 
manned landing on Mars and unmanned exploration of the  so la r  system. 
The lunar exploration phase w i l l  include t h e  i n s t a l l a t i on  of a 
space base t o  house t he  men and equipment required f o r  exploring t h e  
moon. Some of the  a c t i v i t i e s  w i l l  be t o  determine i f  lunar resources 
can be exploited f o r  use on the  moon (deep d r i l l i n g  of several  hundred 
f e e t  w i l l  be employed i n  t h i s  phase), Large telescopes w i l l  be i n s t a l l ed  
f o r  observation of various points i n  t h e  surrounding space. A roving 
TechnoLog3r Advisory ComLttee for Manned Space Fl ight ,  
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can be used fo r  l a rge  power t r ans i s t o r s  or  op t i ca l  blanks f o r  lenses  
of near perfect  quality, 
A round trip t ranspor ta t ion system between earth,  the  various 
o rb i t ing  elements of skylab, space s ta t ion ,  s-pace base i s  e s sen t i a l  
t o  the  integrated space program, The t ranspor ta t ion system ca l led  
t he  " ~ h u t t l e "  w i l l  be used t o  r o t a t e  personnel, carry  supplies and 
del iver  experiments and equipment. The key t o  t he  design of t he  
space shu t t l e  w i l l  be reusab i l i ty .  Early design c r i t e r i a  c a l l  f o r  
a 100 round-tr ip capabil i ty,  a f a r  cry  from the  one shot capab i l i ty  
of t he  ea r ly  Apollo Saturn launch vehicle.  A tremendous and s ign i -  
f i c a n t  cost  saving w i l l  r e s u l t  approaching the  economics of modern 
a i r c r a f t .  Essen t ia l ly  t he  shu t t l e  w i l l  be an  a i rp lane  designed t o  
operate i n  space u t i l i z i n g  a rocket engine powered by a chemical or  
atomic reac t ion  ( t h i s  version being ca l led  t he  nuclear shu t t l e ) .  The 
shu t t l e  would be as la rge  or  l a rger  than our l a t e s t  l a rge  passenger 
a i r c r a f t ,  would have a payload (passenger and cargo) capabi l i ty  of 
50,000 pounds, with a cargo comprtment 15 f e e t  i n  diameter and 60 
f e e t  long. The shu t t l e  w i l l  consis t  of an o rb i t e r  f o r  t he  mission 
t r i p .  The o r b i t e r  w i l l  be carr ied piggyback t o  t h e  o r b i t a l  a rea  
by the  booster which then re tu rns  t o  t he  launching area.  The 
o rb i t e r  w i l l  a l s o  r e tu rn  t o  t h e  launching a rea  (o r  another a i r f i e l d )  
upon completion of i t s  t r i p .  
Another major component of the  in tegrated program i s  the  space 
tug which w i l l  be used fo r  shor t  t r i p s  between major elements of 
the  o rb i t ing  systems and fo r  descent t o  t he  lunar surface. The tug  
w i l l  consis t  of 3 m j o r  modules f o r  crew, propulsion and cargo and 
w i l l  have lunar  s tay  capab i l i ty  and o rb i t  r epa i r  and rescue capa- 
b i l i t i e s  of other o rb i t ing  elements . 
The manned Martian mission could take place i n  1985. Two ships 
manned by 6 men each would embark on an 18 month round t r i p  t o  Mars 
(with a Venus f lyby bonus). The crew would spend 30 t o  60 days on 
the  surface of Mars exploring and experimenting. Finally, i f  condi- 
t ions  were favorable, a semi-permanent base would be established 
with 48 men on the  surfa,ee a n d  24 men i n  o r b i t ,  
The uramnned 1977 '"rand tour" of t h e  outer  p lanets  i s  a l s o  
planned, This t r i l l  he  two f l i g h t s ,  each of t~hiekz w i l l  Fly-by the 
planets  using a b i l l i a r d - s h o t  technique of bouncing o f f  t h e i r  gravi- 
t a t i o n a l  f i e l d s .  This unique l i n e  up occurs only once every two 
centur ies .  This time it w i l l  occur seven years from now when the  
United S ta tes  w i l l  be t echn ica l ly  a b l e  t o  accomplish t h e  f e a t ,  By 
r icochet ing o f f  the  g r a v i t i e s  of t h e  outer  planets ,  the  spacecraf t  
w i l l  pick up enough speed t o  c a r r y  them onward a t  a g r e a t  saving of 
time, f u e l  and energy. The f i rs t  mission w i l l  be t o  Saturn, Uranus 
and Neptune. The second mission w i l l  be t o  Jup i t e r ,  Saturn and 
Pluto.  The grand tour  w i l l  t ake  about nine years t o  complete, not 
so  much when w e  know t h a t  it would normally take 18 years t o  ge t  t o  
Neptune and 41 years t o  Pluto.  
MANAGENIDIT BENEFITS 
Analysis of space generated innovations and advances i n  manage- 
ment systems indicates  t h a t  t h e i r  app l i cab i l i t y  extends beyond current  
space research, beyond the  aerospace industry and i n to  almost a l l  
sectors  of Government and pr ivate  enterpr ise .  
Not so glamorous a s  the  new wonders of science, but probably 
j u s t  a s  important, a r e  the  management systems and techniques which 
were developed f o r  l a rge  complex space programs. These a r e  substan- 
t i a l l y  d i f f e r en t  from t h e  techniques t ha t  a r e  so successfully applied 
where a c t i v i t i e s  involve r epe t i t i ve  production of t he  same design and 
marketing t o  a la rge  number of d i f f e r en t  customers. Large numbers of 
highly in te l l igen t ,  energetic personnel t ra ined i n  a broad spectrum 
of s p e c i a l i t i e s  must be controlled and motivated. A tremendous number 
of p a r a l l e l  a c t i v i t i e s  involving d i f f e r en t  functions, d i f f e r en t  organ- 
izations,  and d i f f e r en t  products, a l l  moving together i n  accordance 
with i n t r i c a t e  plans fo r  budgets, schedules, performance, and i n t e r -  
a c t i on  must be tracked. Incipient  problems must be iden t i f i ed  ea r ly  
and e f f o r t s  marshalled t o  solve them. The myriad changes t h a t  a r e  
a n  inevi table  par t  of any large-scale  complicated e f f o r t  must be 
managed. The means must be provided fo r  col lect ing,  processing, and 
d i s t r i bu t i ng  la rge  amounts of information t h a t  is complex, diverse, 
and becomes rap id ly  obsolete. I n  learning t o  manage the  vas t  space 
program, more e f f i c i e n t  systems were generated t o  handle the  program's 
component par t s .  Such improved systems a r e  broadly applicable i n  t h e  
management of industr ies  and services.  
I n  an extensive repor t  on t h e  benef i t s  t o  t he  economy because 
of the ~rorln. done by North America,n Rachrebl, the foLLowing statement 
gives a general overvlew of the possibtEitLes of using s-p,ee work 
mnagement and scientific teams to help solve some of om dawn to 
ear  "ch prob bems . 
In  addi t ion t o  mmgement techniques and systems, t he  
s p x e  program had developed large, very ve r sa t i l e  teams 
of highly t ra ined m m g e r s  an& sc i en t i s t s .  These teatns, 
both i n  Government and industry, cons t i tu te  a r e a l  hope 
and a m j o r  resource f o r  dealing with the  emerging mas- 
s ive  problems a r i s i n g  from the  complexity of our era .  
Such groups a r e  capabil i ty-oriented ra ther  than product- 
oriented.  They a r e  competent t o  design and implement 
large-scale  systems t o  help  overcome c r i t i c a l  shortages 
of community f a c i l i t i e s ,  c r i t i c a l  overcrowding and con- 
gestion, c r i t i c a l  pol lut ion and accumulation of wastes, 
and c r i t i c a l  changes i n  t he  world balance of mi l i t a ry  
power. The technological and management f a l l o u t  of our 
programs f o r  space has permitted us t o  ou t s t r i p  our 
Wopean  a l l i e s  t o  such an  extent  t h a t  they and our 
government a r e  be inning t o  express concern about a 
"technology gap. 11%6 
I n  major programs l i k e  the  Apollo space program, thousands of 
people performed mill ions of ac t ions  over a time span of e ight  years, 
t h e  job of ident i fying each one of these  required actions,  i t s  r e l a t i on -  
ships  with other actions,  and its exact timing, sequence, and responsi- 
b i l i t y  f o r  accomplishment, years i n  advance was t r u l y  a prodigious one. 
With b i l l i o n s  of do l la r s  involved, it was and is a l s o  one i n  which 
omissions or e r ro r s  could have been very cos t ly  i n  both time and money. 
Representative Mario Biaggi of New york47 f e e l s  t h a t  t h e  manage- 
ment exper t ise  of NASA can be used d i r e c t l y  or  by example t o  solve many 
of our b ig  c i t y  problems. He had t h i s  comment t o  make: 
There is  no doubt t h a t  one of t he  major nat ional  problems 
today is how t o  manage e f f ec t i ve ly  a la rge  urban area .  
From our l imi ted experience t o  date, it seems reasonable 
t o  forecast  that advances i n  aerospace technology o f f e r  
g rea t  po ten t ia l  f o r  solut ions  t o  many urban problems. 
The po ten t ia l  appl icat ions  a r e  numerous and range from 
new approaches i n  the  management of large-scale systems 
t o  spec i f  i c  app l ica t  ions i n  improved construction of 
homes, schools, f a c to r i e s  and o f f  i c e  buildings. 
46North American Rockwell Corporation Report, - 2  Space Division, 
Downey, California, Ehrl Blount, lhve Alter ,  W. C. Levering, 
Space Program Benefits, p. 10, 
47~peech by Representative & r i o  Biaggi, New York, Member of the Committee 
on Science and Astramutics ,  liause o f  Represen"c,tives9 Spring of  1970, 
on the  subject  of the  benef i ts  of t he  space program. 
The mnagement s k i l l s  required t o  operate and deal  
with t he  barge-scale problems of today 's  c i t i e s  c a l l  
f o r  t he  mobilization of &uerment, universi ty,  and 
industry teams. NASA has shown how t h i s  can be done, 
A spec i f i c  example of what I am ta lk ing  about i s  the  
adaptation of the  systems approach t o  t h e  c i t i e s '  
problems i n  contras t  t o  t r e a t i ng  each of them i n  a 
piecemeal way. 
As one watches t e lev i s ion  coverage of the  mission 
control  center f o r  Apollo, it i s  not a t  a l l  incon- 
ceivable t o  visual ize  t h a t  c i t i e s  of t he  fu ture  w i l l  
have comparable control  centers  b u i l t  around computer 
c apab i l i t i e s  developed i n  t he  space program. For 
example, mayors, c i t y  councils, and c i t y  managers 
a r e  becoming increasingly aware of t he  po ten t ia l  of 
the  systems approach - coupled with computers - i n  
dealing with municipal information systems, t r ans  - 
por ta t  ion systems, general communication systems, 
police communications systems, land use, and zoning 
planning. 
During I& s testimony before t h e  Committee on Aeronautical and 
Space Sciences , D r .  Thomas 0 .  Paine, Former Administrator of NASA, 
requested permission t o  i n se r t  i n to  t h e  record i n  t o t o  a Fortune maga- 
zine a r t i c l e  by Tom Alexander. 49 The a r t i c l e  m i n l y  discusses NASA's 
contribution t o  t he  nat ion 's  managerial capab i l i ty  on a la rge  sca le  
complex e f f o r t .  Alexander says that t h e  very questions now of ten 
ra i sed  i n  c r i t i c i sm  of the  space e f f o r t  - "If we can send men t o  t h e  
moon why can ' t  we eradicate  pol lut ion (o r  cure poverty or  rebui ld  
c i t i e s )  ? "  a r e  t r i b u t e s  t o  the  l a t e  President Kennedy's fores ight  i n  
es tabl ishing t h e  manned lunar landing goal  t o  res to re  t he  nat ion 's  
damaged self-esteem caused by t he  o rb i t ing  Russian manned spaceships 
and t he  involvement of the  U.S. i n  the  f i asco  of t h e  Cuban invasion. 
Alexander says t h a t  the  r e a l l y  s ign i f ican t  f a l l o u t  from Project  
Apollo has been of a sociological  r a the r  than a technological nature; 
techniques f o r  d i rec t ing  t he  massed endeavors of scores of thousands 
of minds i n  close-knit,  mutually enhans ive  combination of government, 
un ivers i ty  and pr ivate  industry. 
48Testimo.ny by D r .  Thorns 0 .  Paine, Former Administrator of NASA before 
t he  Committee on Aeromutical  and Space Sciences on the  subject  of ;  
Space Program B 
-- 
Apri l  6, 1970, Taken from a, pub l i ca t ion  of 
t h e   omitt tee^ same tLtZe and &ate,  
49~or tune  k g a z  ine, 
Tom Alexander, 196 
H e  says t h a t  t h i s  corabimtion of' t a len t s ,  capabilities and 
organizations i s  potenlLally the most powerful Lool i n  man's h i s to ry .  
U n t i l  now, t h e  only obviou-s appl icat ions  fo r  a too% of t h i s  s o r t  have 
seemed l imited t o  something about a s  mss ive ,  Imperious and glamorous 
a s  space exploration or  war. The question now i s  whether such tech- 
niques can be refashioned and turned t o  other t asks  as well, t o  t asks  
a s  overriding i n  importance and d i f f i c u l t y  as,  f o r  example, t he  mnage- 
ment of the  e a r t h ' s  complex ecological  system, of which man i s  but one 
segment, and I might add, the  c r i t i c a l  segment which could throw the  
e n t i r e  ecological  system into  a dest ruct ive  imbalance. 
According t o  a favor i t e  NASA saying, project  mnagement i s  t h e  
art of doing what you sa id  you would. I n  1961 NASA estimated they 
could land men on the  moon before 1970 f o r  about $20 b i l l i on .  The 
t imetable was met a t  a cost  of about $24 b i l l i on ,  very close t o  t h e  
o r ig ina l  est imate when in f la t ionary  allowances a r e  considered. 
By way of contrast ,  many high-technology programs such a s  t h e  
F-111, the  C5A, t he  SST and the  Cheyenne hel icopter  have overrun t h e i r  
cos t  est imates by la rge  amounts, s l ipped t h e i r  delivery schedules and 
f a i l e d  t o  meet t h e i r  promised performance goals. 
Possibly because of th is ,  space-agency people have been asked 
t o  solve problems i n  other government jobs. NASA's former deputy 
administrator, Robert Seamns, Jr., i s  now Secretary of the  A i r  Force. 
Housing and Urban Development has former NASA Administrator James 
Webb ' s a s s i s t a n t  engineer, Harold Finger, i n  charge of Operat ion Break- 
through, t h e  huge nationwide home-building program. James Beggs, former 
Research and Development Administrator of NASA, is now Under Secretary 
i n  t he  Department of Transportation and Ph i l i p  Whitaker who formerly 
supervised procurement a c t i v i t y  fo r  NASA has been t rans fe r red  t o  t he  
Defense Department t o  t r y  t o  improve t he  contractual  c l i m t e  between 
t he  A i r  Force and i t s  contractors.  
The NASA management approach combines ce r t a in  advantages of t he  
old a r sena l  concept of the  Army and Navy and the  newer A i r  Force concept 
t h a t  depends heavily on private corporations t o  manage, develop and 
bui ld  b ig  systems. The NASA approneb enhances the t o t a l  a b i l i t i e s  of 
private and govern~flsnt organ5 z a t  ions a The contracting firms con t r ibu te  
research e a 4 p b i P i t i e s ,  mnuSactwing f a c i l i t i e s ,  and t echn ica l  
exper t i se ,  plus f l e x i b i l i t y  i n  s t a f f i n g  f o r  s p e c i a l  problems t h a t  
a r e  economically matched by t h e  c i v i l  service .  
The NASA. r o l e  i s  general ly a n  in tegra t ing  and d i r e c t i n g  one, 
but  i t s  l a s t i n g  contr ibut ion t o  par tnership  with t h e  American aerospace 
indust ry  has been t o  a c t  as a c e n t r a l  fund of deep experience and a 
point  of t r a n s f e r  by means of which pa in fu l ly  acquired knowledge i n  
managing and developing complicated systems g e t s  from one company t o  
another.  
I n  January of 1967 t h e  shock of a tragedy was instrumental i n  
welding NASA's government-industry team i n t o  i t s  present  remarkable 
form. The Apollo commnd module f i r e  took t h e  l i v e s  of Astronauts 
Grissom, White and Chaffee. The f i r e  suddenly changed t h e  way of 
doing business which reach far beyond the  extensive t echn ica l  s t e p s  
taken t o  prevent a recurrence of f i r e .  Not only w a s  t h e  e n t i r e  design 
of t h e  spacecraf t  reanalyzed but  t h e  manned spacef l igh t  organizat ion as 
well.  NASA came t o  r e a l i z e  t h a t  t h e  intercommunication and r e l a t i o n -  
ships  with t h e  contrac tors  was not working as wel l  a s  had been thought. 
The e a r l y  tendency t o  blame North American Aviation f o r  t h e  
f i r e  was gradually supplanted by NASA's r e a l i z a t i o n  t h a t  t h e  f i r e  
r e f l e c t e d  a NASA management f a i l u r e  i n  overlooking a n  inherent  design 
f a u l t  which permitted t h e  locking up of men i n  a capsule with inflam- 
mable mater ia ls  i n  a n  atmosphere of pure oxygen. A s  a r e s u l t ,  NASA 
and i ts  contractors,  whether they wi l led  it o r  not, were thrown 
together as a l l i e s  aga ins t  t h e  common foes  of h o s t i l e  space and com- 
p l i ca ted  machinery. A s  Tom Alexander so a p t l y  s t a t e s  it: 
The r e s u l t  is  a n  int imate new sociology of space, a 
new kind of government - indust r  i a l  complex i n  which 
each in te rpene t ra tes  the  other so much t h a t  sometimes 
it is hard t o  t e l l  which is which 
..................,........*. e. . . . . .e* .~ . . .e . . . .  50 
I n  t h e  c lose ly  interdependent operat ion a t  Cape Kennedy when 
preparing a given Saturn-Apollo f o r  launch, a l l  t h e  operat ions of 
t h e  various corporat ions must be interwoven and coordinated i n  
g r e a t e s t  d e t a i l ,  This i s  accomplished by e labora te  schedules t h a t  
s p e l l  out on v i r t m , l l y  a minute by minute b a s i s  -what every contrac tor  
WELL be doing i n  the  rocket  s tack,  Schedules g e t  adjus ted  i n  numerous 
meetlings chaired by lVtlSA and. at tended by a11 the  major eontractors 
The man who oversees all t h i s  activity i s  Dr, Roceo Petrane (former 
di rec tor  of launch operatxions a t  Kennedy and now assigned t o  EASA 
~ e a d q u a r t e r s )  . Ebch week, f o r  example, he holds a session with t h e  
supervisors of t he  contractor t ask  forces  a t  Kennedy. Actual and 
po ten t ia l  foul-ups a r e  analyzed f o r  t h e i r  learning value. From time 
t o  time, Petrone o r  h i s  s t a f f  members employ a firm but gent le  needle 
upon a contractor whose slippage o r  f a u l t y  performance threatens t h e  
launch schedule. 
51~he industry teams a t  Kennedy display a loya l ty  t o  
t he  Apollo e f f o r t  t h a t  must be something of a per- 
p lex i ty  t o  corporate heads back home. An example i s  
Grumman's George Skurla, who d i r e c t s  t h e  preparation, 
checkout and launch of the  mnned lunar  module a t  
Kennedy Dpacecra f t  Center, Flor ida7. "Sometimes 
when I go back up t o  headquarters gt ~e thpage" ,  he says, 
 h hey a sk  me who I think I work for ,  Grwnman or  NASA. 
But I say t h a t  regardless of t he  corporate badge, we've 
got a n  obl igat ion t o  the  program and t o  NASA." He has 
di f ferences  with NASA, too, sometimes. ''we 've got t o  
stand up and c a l l  the  shots a s  we see them, They're 
paying f o r  our experience. The pressure is excruciat ing - 
a l l  t h e  managers work under the  subconscious s t r a i n  of 
something going wrong. NASA hounds us sometimes, but  
they a l s o  perk us up when we need it. In  my twenty-five 
years i n  t h e  aerospace business, t h i s  is t he  most fas -  
c i n a t  ing job I 've ever had - or  ever w i l l  have. " 
52 With much of the  same earnestness, Austrian born 
George Low, the  Apollo program manager, bow Acting 
Administrator of NAW speaks of t he  newwgovernment- 
industry partnership a s  "a very rewarding experience". 
One of t he  o r ig ina l  planners of the  moon mission, Low 
i s  an  outwardly gentle engineer who replaced Joseph 
Shea as program manager a f t e r  t he  spacecraft  f i r e .  
During NASA's pos t - f i re  introspection,  Low decided 
t h a t  f a r  more openness and involvement i n  each others 
a f f a i r s  were needed between NASA and t he  spacecraft 
contractors.  On h i s  s ide  Low has granted the  con- 
t r a c t o r s  unprecedented access t o  h i s  del iberat ions .  
'kl1 the  contractor people here know t h a t  I conduct 
no meetings with my own people where they a r e  not 
welcome, t he  exception being Monday morning s t a f f  
meetings, The contractors get  involved i n  every 
decision concerning the program here. It bas taken 
them a while t o  get  them t o  believe we rea4%ly mean 
it though, " 
The other  s ide  of the coin i s  t h a t  NaXA i n s i s t s  upon 
being deeply involved i n  everything concerning APOLLO 
t'fiat goes on wi th in  t h e  contractor  % sorganiza,tfons. 
Not only does NASA have teams working wi th in  t h e  con- 
t r a c t o r  pla,nts, monitoring qual i ty ,  c o s t s  and schedules, 
but  once a month Low and other  members of h i s  organiza- 
t i o n  f l y  t o  both North American and Grumman and spend a 
long day a t  each company going over engineering and 
schedule problems i n  excruciat ing d e t a i l .  Like other 
NASA managers, Low i s  now convinced t h a t  t h e  moon pro- 
gram, with i ts  forbidding s takes  and r i s k s ,  cannot 
r e l y  upon normal incent ives  t o  assure  t h a t  schedules 
and q u a l i t y  standards a r e  met. 
A n  en te rp r i se  such as Apollo constant ly  t e e t e r s  on the  k n i f e  
edge of managerial d i s a s t e r .  I n  many d i f f e r e n t  places,  many th ings  a r e  
going on a t  once t h a t  impinge c lose ly  one upon t h e  o the r  such as cost ,  
scheduling, weight, performance and r e l i a b i l i t y  . For example, one 
ex t ra  pound of payload could mean t e n  ex t ra  pounds of f u e l .  Too many 
e x t r a  pounds of payload could r e s u l t  i n  exceeding t h e  Saturn V ' s  
l i f t i n g  c a p a b i l i t y  and requ i re  t h e  weight be  removed from other equally 
important payload equipment. The undesirable r e s u l t  could be expensive 
reworking of e x i s t i n g  hardware, s l ipped schedules and t h e  p o s s i b i l i t y  
of  compromised o r  reduced r e l i a b i l i t y .  
Tom ~ l e x a n d e r ~ ~  descr ibes  t h e  NASA organizat ion f o r  Apollo: 
Basica l ly  t h e  moon program functions as a "project ized" 
organization, a concept i n s t i t u t e d  by D r .  George Mueller 
(pronounced " ~ i l l e r " ) ,  who replaced Brainerd Holmes i n  
e a r l y  1964, A former professor of e l e c t r i c a l  engineering, 
Mueller brought some of h i s  managerial ideas  from t h e  A i r  
Force b a l l i s t i c - m i s s i l e  program, which he worked on before 
joining NASA. Slim, pragmatic, and q u i e t l y  s t ee ly ,  he 
stands i n  s t a r k  con t ras t  t o  both t h e  loquacious, nontechnical 
Webb, a man given t o  speaking i n  hazy g e n e r a l i t i e s ,  and t h e  
erudi te ,  philosophical  Tom Paine. ( ~ o t  t h e  l e a s t  of t h e  
remarkable th ings  about EASA i s  t h a t  it manages t o  s t a y  
i n t a c t  with so many s t rong wi l led  individuals  operat ing 
with s o  many d i f f e r i n g  s t y l e s . )  To a i d  i n  t h e  reorgani- 
za t ion  of APOLLO and t o  run t h e  day-to-day operations, 
Mueller was a b l e  t o  borrow t h e  A i r  Force 's  Lieutenant 
General Samuel P h i l l i p s ,  a former Vice Commander of t h e  
B a l l i s t i c  Systems Division and Manager of t h e  h ighly  
successful  Minuteman I miss i l e  program. P h i l l i p s ,  a n  
erec t ,  sandy hai red  native of Wyoming i s  notable f o r  
h i s  a b i l i t y  t o  impart meaning t o  t h e  opaque, alphabet-  
sow-y jargon tht has sprung up within t h e  f i e l d  of 
project m4msgemer~t 
F i r s t  developed by t h e  m i l i t a r y  services  i n  connection 
with l a r g e  systems, "projee t iza t ion"  has evolved i n  
Apollo t o  t h e  poSnt of being a mmgement revolution.  
It c a r r i e s  t o  i t s  most e labora te  development t h e  "task 
force"  concept now becoming the  fashion i n  mnagement 
doct r ine .  Under pro j ec t i za t ion ,  a separa te  Apollo 
Program Off ice  was es tabl ished i n  each of the  t h r e e  
government f i e l d  centers  - t h e  Manned Spacecraft  
Center i n  Houston, the  Marshall Space F l igh t  Center 
i n  Huntsvil le  and t h e  Kennedy Space Center a t  Cape 
Kennedy - as wel l  as on t h e  premises of t h e  main 
contrac tors  - North American, Grumrraan, Boeing, 
Chrysler, I. B.M., AC Electronics,  and McDonnell Douglas. 
Each program o f f i c e  has pos i t ions  f o r  such functions as 
design, schedule, finance, and q u a l i t y  con t ro l  t h a t  
p a r a l l e l  those i n  t h e  main program headquarters i n  
Washington. I n  e f fec t ,  these  o f f i c e s  form a separa te  
network f o r  command and communication outs ide  t h e  main 
NASA organizat ion t o  monitor a l l  Apollo work with 
respec t  t o  schedule, cost,  performance, and q u a l i t y  
and, of course, t o  ensure t h a t  a l l  t h e  pieces w i l l  
indeed f i t  together  when they f i n a l l y  meet f o r  t h e  
f i rst  time a t  Cape Kennedy. 
But t h e  end r e s u l t  of p ro jec t i za t ion  is a n  i n t e r -  
woven s t r u c t u r e  whose l i n e s  of r e s p o n s i b i l i t y  and 
communication reach out  i n  severa l  d i rec t ions .  
It depar ts  from many of t h e  p r inc ip les  of c l a s s i c a l  
mnagement theory, including u n i t y  of supervision 
and r e s p o n s i b i l i t y  and r i g i d  h ie ra rch ies  of command. 
Each of  the  program o f f i c e s  a t  both t h e  center  and 
contrac tor  organizat ions must serve two masters, 
t h e  Apollo program and t h e  organizat ion i t s e l f .  I n  
cases of c o n f l i c t  over d i rec t ives ,  appeals  a r e  
brought t o  Mueller, who i s  not only i n  charge of 
manned space f l i g h t ,  but  is  a l s o  over -a l l  chief  of 
t h e  t h r e e  cen te r s  as well.  
I f  w h a t  NASA and industry have learned about management w i l l  
l ead  t o  b e t t e r  ways of solving other  l a r g e  t a s k s  such as pol lu t ion,  
t ranspor ta t ion ,  education, poverty and health,  then t h e  "spinoff" 
benef i t s  of t h e  space program a r e  considerable and a bargain a t  t h a t .  
NASA has two major t o o l s  f o r  managing t h e  Apollo program. One 
i s  FAME (Forecasts  and Appraisals f o r  Management   valuation) and t h e  
other i s  "configuration mnagementH, The h e a r t  of FAME is  a s e r i e s  
of severa l  hundred constantly updated char t s  dealing with weight, 
sehedule performance, cost ,  e t c *  
During design, development and f a b r i c a t i o n  computers t r a n s l a t e  
the dgta in to  t rend curves f o r  pred5ction of  f u t u r e  events t o  enable 
cor rec t ive  ac t ion.  Configuration management ensures t h a t  changes a r e  
properly i n s t i t u t e d  so t h a t  per turbat ions  a r e  not unknowingly inse r t ed  
i n t o  t h e  spacecraft  design,  The con t ro l  is  exerted through a h i e r -  
a r c h i a l  s e t  of Change Control Boards, running from t h e  manufacturing 
l e v e l  t o  NASA's Washington Headquarters. Rigid r u l e s  speci fy  t h e  kinds 
of changes t h a t  can be made i n  hardware, software, o r  mission a t  each 
l e v e l  without approval from a higher board. For example, a b o l t  s i z e  
change might be changed a t  t h e  manufacturer-resident NASA o f f i c e  l e v e l  
bu t  t h e  re loca t ion  of a f u e l  i n l e t  might r equ i re  NASA headquarters 
approval because it could have a n  e f f e c t  on t h e  loca t ion  of t h e  umbili- 
c a l  arms on t h e  launch tower. 
Communications and documentation a r e  extremely important i n  
NASA's management e f f o r t .  NASA makes extensive and constant  use of 
t h e  telephone, datal ink,  te lex ,  LDX and formal and informal conferences. 
The documentation encompasses every t echn ic ian ' s  task,  every t e s t ,  
every l o t  of every material ,  every component - a l l  these  items and 
events have a formal document associa ted  with them t o  fix r e s p o n s i b i l i t y  
on t o  t r a c e  a component o r  mater ia l  f a i l u r e  and prevent i t s  reoccurrence. 
An impressive technological  contr ibut ion i s  r e l i a b i l i t y .  The 
management philosophy t h a t  places overriding emphasis on t h e  s a f e t y  
of t h e  men aboard. It i s  a design philosophy t h a t  r equ i res  almost 
100% r e l i a b i l i t y  f o r  each pa r t ,  and f u r t h e r  r equ i res  "redundancy" o r  
a n  a l t e r n a t e  means of performing a funct ion f o r  every component whose 
f a i l u r e  could imperi l  t h e  l i v e s  of a s t ronau t s  on t h e  mission i t s e l f .  
I n  s p i t e  of a l l  t h e  formal r i g i d  con t ro l s  t h e  r e a l  key t o  success 
l i e s  i n  t h e  dedication, painstaking a t t e n t i o n  t o  d e t a i l  and mutual 
cooperat ion. D r .  Thomas 0 .  Wine, Former Administrator of NASA 54 
f e l t  t h a t  another important c l a s s  of achievement from NASA's programs 
is  the  demonstrated na t iona l  capab i l i ty  t o  organize and manage very 
large ,  long-term, g lobal  t echn ica l  en te rp r i ses  and meeting d i f f i c u l t  
performance goals  on schedule and within budget- 
D r ,  s i n e  Pe l t  t h a t  t he  benef i t  of NASA's contribution t o  t h e  
IVationis growing mnagernent competence t o  aceornp&ish. wha-t we s e t o u t  
t o  do i s  a s  g rea t  a s  a l l  the  other values combined. We f e l t  t h a t  NASA's 
management techniques could be applied t o  urban problems. The follow- 
ing excerpts a r e  from a paper by D r .  ~ a i n e 5 5  discussing space age 
management and t h e  urban complex. 
D r .  Paine commenced h i s  speech with the  following comment; 5 6 
"1f we can go t o  the  moon, sure ly  we can vas t ly  improve 
our c i t i e s  here on earth." This s impl i s t i c  but o f t -  
repeated complaint is  a non sequitur.  Mobilizing bold 
ventures i n  space is  c l ea r ly  f a r  simpler than b e t t e r  
organizing t h e  extraordinary complex humn interact ions  
t h a t  comprise a modern metropolis. NASA's spectacular 
advances i n  space a r e  undoubtedly exacerbating public 
f ru s t r a t i on  with urban fa i lu res ,  but  a t  t he  same time 
they a r e  encouraging the  nat ion t o  t ack le  i t s  more 
complex human problems with greater  confidence on a 
bolder scale.  I f  America can go t o  the  moon, it can 
indeed do much b e t t e r  here on spaceship earth.  
Managing t h e  Apollo program is  d i f f e r en t  from running a c i ty ,  
however, NASA's broad management experience does have relevance f o r  
urban administrators.  NASA's range of management approaches is nearly 
a s  broad a s  t h e  range within an urban complex. This considerable over- 
l a p  of management demands and s i m i l a r i t i e s  and approaches i s  c l a s s i f i ed  
by D r .  Paine as a "spectrum of management" scale.  D r .  Paine said;  57 
Let us begin by examining some of the  s i m i l a r i t i e s  
between NASA and c i t i e s .  I n  an  obvious way, both 
a r e  l a rge  and complex human systems involving 
hundreds of thousands of people and b i l l i o n s  of 
do l la r s .  Both involve the  dynamic in te rac t ion  of 
innumerable individuals, groups, and ins t i tu t ions ;  
both a r e  mechanisms fo r  sensing, integrating,  and 
solving a grea t  d ivers i ty  of in te r re la ted  problems. 
Each i n  i t s  own way i s  a "public" enterpr ise  t h a t  
exercises public responsibi l i ty ,  requires  public 
support, and must operate i n  t h e  "goldfish bowl" 
of public review and c r i t i c i sm,  
5 5 ~ a p e r  by Dr - Thorns 0. Wine,  Foriner WSA Administrator delivered a t  
the Naatism9_ Conference on f ibTl_ ie AdmLmLstratisn, M i a r n L  Beach, Florida,  
May 20, 1969 tetbed:: Space Age Manadgemen% and City Adminis t~at ion,  
?%bid., p. 29& 
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before us. What are the  important h n values, usban 
goals, and public expectations here? What new i n s t i -  
t u t i ona l  p t t e r n s  can best  achieve the  various objee- 
t ives?  What; resources w i l l  be required over what 
period? How can the  contributions of univers i t ies ,  
industry, and government be organized? What approach 
from t h e  "spectrum of management" is bes t  fo r  each 
component? How w i l l  the  required new s c i e n t i f i c  
understanding be acquired through theory and experi- 
ment? What technological advances should be fos tered 
and u t i l i z ed?  A s  t he  work progresses, how a r e  t h e  
experimental r e s u l t s  t o  be fed back t o  the  ac t ion  
con t ro l le r s?  Here i s  an urgent urban management 
problem worthy of the  nation t h a t  conquired the  moon. 
Obviously t he  job cannot be managed l i k e  Apollo, but  
I believe that NASA's broad experiences i n  space-age 
management do have app l icab i l i ty .  
I n  a c i t y  a t r a n s i t  system, garbage removal or  cable TV service  
might bes t  be operated by competing pr iva te  companies, or a s ingle  
company under f ranchise  or  by the  c i t y  using municipal employees or  
s e t  up as a non-profit corporation or  au thor i ty  or  a t  a l a t e r  time 
be contracted out  t o  support service contractors under periodic compe- 
t i t i v e  bid.  Technological change as mentioned e a r l i e r  w i l l  a l t e r  t h e  
r e l a t i v e  d e s i r a b i l i t y  of these approaches as, f o r  example, gasoline 
buses replaces e l e c t r i c  t ro l l eys ,  and kitchen disposals replace garbage 
cans and trucks.  It i s  f e l t  that very few c i t i e s  have the  managerial 
s t ruc ture  and resources t o  take ea r ly  advantage of technical  oppor- 
t un i t i e s ,  foresee  new p o s s i b i l i t i e s  and de l ibera te ly  br ing about needed 
technical  advances. Since urban management l ags  so f a r  behind t he  
need, it can only lead t o  de te r io ra t ing  services and soaring budgets. 
D r .  Paine concludes h i s  thoughts on the  ~ ~ S A / u r b a n  management 
comparison with four s ign i f ican t  points;  60 
F i r s t  - The urban manager l i k e  t he  l!L4SA manager, can 
and should d i r e c t l y  manage only a l imi ted par t  of the  
complex in teract ing human en te rpr i se  f o r  which he has 
respons ib i l i ty .  For the  important remainder he must 
s t ruc ture  a ... system t o  encourage e s sen t i a l  con t r i -  
butions from industry, from univers i t i es ,  and from 
the  entrepeneur, the  f r ee  wheeler, the  s c i en t i s t ,  t he  
b r i l l i a n t  innovator, the g i f t ed  teacher, and other 
committed individuals. 
9 . . . 1 . . B I Q b * 4 ~ 8 . . . B ~ ~ * ~ ~ * * * * B * * B & . * B B b - b - b - * ~ ~ * * e ~ * * * ~ e ~ ~ ~  
Perhaps t he  most d i f f i c u l t  task we have is t o  conceive 
and esb*i,blish the  appropriate i n s t i t v t i om, l  a r eh i t cc twc  
t o  achieve t h i s .  
Second - It i s  the  nature of the  job f o r  the high-level 
public administrator t o  help define and a r t i c u h t e  goals 
i n  the  public i n t e r e s t .  
........................................................ 
From h i s  understanding o f  the  environment, the  urban 
manager can decide r e a l i s t i c a l l y  what he can manage a,nd 
where he can lead, ident i fying those a reas  of a c t i v i t y  
which need t o  be moved toward a d i f f e r en t  management 
approach, and e f fec t ing  t he  required changes. 
Third - It i s  e s sen t i a l  t o  define spec i f ic  objectives 
and goals and t o  r e l a t e  t h e  resources required t o  each 
a rea  of management a c t i v i t y .  The planning - programming - 
budgeting technique, though no panacea, can be helpful  
here. Objectives should serve as t a r g e t s  f o r  achievement 
and not be t r ea t ed  as fixed and immutable components. 
Objectives ( l i k e  NASA ' s moon landing) a r e  v i t a l ,  however, 
f o r  two purposes: 
1. They provide a v i t a l  focus and communication 
t o o l  f o r  continuing discussion among the  many 
forces  a t  work i n  the  urban environment. 
.................................................. 
2.  Goals a r e  a l s o  a necessary prerequis i te  t o  
t h e  use of t he  powerful t oo l s  of systematic man- 
agement which a r e  being demonstrated and fur ther  
developed now i n  business and government. 
A v i t a l  consideration i s  creat ing t he  appropriate 
i n s t i t u t i o n a l  a rch i tec tu re  f o r  complex management 
t asks  is  a r e l i s t i c  appra i sa l  of t he  resources 
required t o  achieve the  goals, and t h e  creat ion 
of appropriate organizational  mechanisms f o r  
c lose  control  of these resources. 
Fourth - A fatal f l a w  i n  a complex h m n  en te rpr i se  
operating i n  the  modern environment of technical  and 
soc i a l  change i s  t o  f reeze  i t s  i n s t i t u t i o n a l  archi-  
t ec tu re .  " ~ o r s e  and buggy" i n s t i t u t i ons  and j u r i s -  
d i c t i ona l  boundaries must be overhauled and updated. 
...................................................... 
We should a l s o  get  t o  work on a useful  soc i a l  theory. 
Almost everything t h a t  happens i n  a c i t y  happens t o  a l l  
i t s  c i t i zens .  It i s  perhaps for tunate  t h a t  c i t y  r e s i -  
d-ents a r e  inevitabby becoming more concerned and invobved", 
This provides t he  urba,n manager with a "sputnik-like" 
opportunity t o  marshall public  concern now in to  a new 
commitment t o  an urban remissanee i n  America, 
In California l a rge  pr ivate  com-panies, mostly aerospace compnies, 
have been asked t o  considzr questions l i k e  t h e  control  of m i n e  and 
delinquency. Semtor  Caylord Nelson has recen t ly  proposed s tudies  
s i m i l a r  t o  those i n  California on a nat ional  sca le ,  In  introducing 
the  proposed l e g i s l a t i o n  (3.2662) t he  Senator noted i n  part :  
It would be highly i n  the  nat ional  i n t e r e s t  t o  begin 
devoting a port ion of the  t a l e n t s  and brains  of our 
defense and space industr ies  t o  other nat ional  goals 
of a g rea t  society.  This would require  no diminution 
i n  e i t h e r  our defense or space commitments. We can do 
both - we can have guns and bu t te r ;  we can have a moon 
shot and a nat ional  plan fo r  t he  abatement of pollution;  
the  Po la r i s  project  i s  not incompatible with a new and 
s c i e n t i f i c  a t t a ck  on t he  t e r r o r s  of crime. Moreover, 
t he  Cal i fornia  s tudies  have shown t h a t  pr ivate  firms 
can he lp  us achieve t h i s  object ive  ... 
I n  f a c t  t h i s  capabi l i ty  and b ra in  power already avail- 
ab le  throughout the  Nation i s  . . . a s c i e n t i f i c  weapon 
of demonstrated power and a source which represents  a 
high nat ional  investment. 
Our task  i s  t o  recognize t h a t  we have t he  s c i e n t i f i c  
know how, and the  men t o  solve almost any problem 
facing society.  Once we understand t h i s ,  I a,m con- 
f iden t  we w i l l  choose t o  use t h e  resource; we w i l l  
choose t o  s e t  our highly t ra ined  manpower loose not 
only on space probes but on down-to-earth problems; 
we w i l l  choose t o  use systems analysis ,  t he  computer, 
and every modern resource ava i lab le  t o  us i n  t he  
quest f o r  progress. 
~ a ~ ~ e r t ~ ~ ~  f e e l s  t h a  the  biggest  impact of the  communications 
s a t e l l i t e  ( ~ o m s a t )  may be neither i n  TV nor telephony, but  i n  the  
rapid  transmission of data from source t o  user, by l inking together 
widely separated computers and other data processing equipment. Such 
systems might have video channels, but  i n  most cases video i s  not 
needed; the  information can be sent  i n  computer - language and t e l e -  
pr inted i n  readable form a t  the  other  end of t he  c i r cu i t .  
A major example of possible use of t he  Comsat i s  transmission 
of management information, inventory and production-control data f o r  
example, from a number of plants t o  a cen t r a l  headquarters. Another 
example of management i n f o r m t i o n  i s  the  t r a n s f e r  of t h e  l a t e s t  medi- 
cal knowledge Prom research  cen te r s  and g r e a t  Library eompLexes t o  
out ly ing  p rec inc t s  where such i n f o r m t i o n  is  not a v a i l a b l e ,  Computer 
interconnect ion i s  no t  new and w a s  pioneered by t h e  m i l i t a r y  i n  t h e  
1950's  bu t  t h e  drawback is t h a t  e x i s t i n g  systems employ c o s t l y  
land- l ines .  The Comsat can reduce t h e  c o s t  and provide more com- 
p l e t e  coverage. 
CHAPTER IV 
ECONOMIC BENEFITS 
A t  i ts production peak i n  1966-1967, t he  space program involved 
over 200 un ive r s i t i e s  and colleges and more than 20,000 indus t r i a l  
firms. It employed more than 400,000 people i n  every s t a t e  of the 
union. 
I n  in te rna t iona l  economics, during a period when our overa l l  
balance of payments w a s  weighted aga ins t  us, one of t he  o f f s e t s  was 
the  amount of money the  United S ta tes  receives from other  countries 
i n  t he  f i e l d  of science and technology fo r  patent  roya l t i es ,  manu- 
factur ing l icenses,  computer ren ta l s ,  and management services.  I n  
1966 we received $1,316 mill ion f o r  these  things, and paid out only 
$137 mill ion f o r  l i k e  items. This ten-fold favorable balance is the  
r e s u l t  of continuing emphasis on research and development and e f f i -  
c i en t  management of new aerospace technology. 
Representative Louis Frey, Jr . , Florida, had some comments on 
the  economic e f f e c t s  of space research:62 
What is  i n  it f o r  t he  economy and mater ia l  improvement 
of our country? What i s  i n  it fo r  the  individual? 
The answer i s  an  obvious one t o  those Americans who a r e  
s t i l l  working i n  t h e  space program. Admittedly, the  
number has been reduced from 420,000 i n  1965 t o  approx- 
imately 197,000 today, and t he  t o t a l  w i l l  drop t o  about 
144,000 by June of 1971. I n  May of l a s t  year LT965T 
14,369 aerospace firms were doing more than $100,000 
i n  annual business i n  1,882 c i t i e s  i n  a l l  50 s t a t e s  
and t he  D i s t r i c t  of Columbia. 
The estimated payroll  f o r  t he  aerospace industry i n  
1969 was $14 b i l l i o n .  The industry did an  annual 
business of $27 b i l l i o n  t ha t  year - and had a $28 
b i l l i o n  backlog. 
--- 
62 speech by Representative Louis Frey, Jr . , Florida, member Committee 
on Science and k s t romut i e s ,  given i n  the  House of  Representatives, 
Apr i l  2L, 1970, 
Between 1965 and 1971 RAE24 a,warded grants  and research 
contracts Sor 1,646 programs t o  223 colleges and uni- 
v e r s i t i e s  i n  a"i 56 s t a t e s  and t'ne D i s t r i c t  of Co'iuccabia, 
The t o t a l  univers i ty  expenditures by NASA from 1959 
through 1969 to ta led  $2.7 b i l l i o n  and contributed 
grea t ly  t o  t h i s  Nation's educational goals by the  
development of new s c i e n t i f i c  d isc ipl ines ,  technol- 
ogies and educational f a c i l i t i e s .  
Congressman Frey continued with h i s  speech and talked about t he  
"economic mul t ip l ier  e f f ec t .  " 
It seems apparent we a r e  not, as some have said,  
"throwing our money out i n to  space. " Remember, t h e  
money is  spent here - i n  America - f o r  goods and 
services.  I n  t he  f i n a l  analysis ,  it means jobs, 
people's s a l a r i e s .  When t h e  norm1 economic multi- 
p l i e r  of f i v e  t o  seven is added, t he  posi t ive  impact 
of t he  space industry on our economy is approximately 
$20 b i l l i o n  each year. 
Congressman Charles A. Mosher, Ohio, commented on t h e  interlocking 
benef ic ia l  e f f e c t s  t h a t  space research had on our ec0nomy:~3 
I do not believe a reasonable NASA budget is i n  
con f l i c t  with or  s t e a l s  from other budget needs. 
I n  fac t ,  I believe the  NASA program so vigorously 
bo ls te r s  our economy, s t imulates  our technology, 
and points t o  the  successful  way by which grea t  
public problems should be attacked. I t s  benef ic ia l  
f a l l o u t  is  so g rea t  and so varied, I see it not as 
a r i v a l  but  a s  an  e s s e n t i a l  a l l y  t o  other pos i t ive  
creature  programs. 
O f  course it is rea l ized  that technological and managerial 
advances w i l l  inevitably be ref ' lected i n  economic advances. American 
h i s t o ry  has shown t h a t  the  g rea tes t  periods of vigorous s c i e n t i f i c  and 
technological advances were generated by t h e  open f ron t i e r  leading t o  
t h e  v i r t u a l l y  empty west and t he  challenge and pressures of major wars. 
For many decades the  f r o n t i e r  drew Americans westward and stimu- 
l a t ed  advances i n  s a i l i n g  ships and steam boats, canals and ra i l roads ,  
agr icu l tu re  and farm machinery, e l e c t r i c  power and telephony, highways 
and autos, r ad io  and te levis ion,  transcontinental  p ipel ines  and a i rplanes .  
The Civ i l  War and two World Wars accelerated U,S. i ndus t r i a l  development 
i n  the  heavy metallvrgical  industry, shipping, chemicals, aviat ion,  
63~emarks by Gongressmn Charles A. Mosher, Ohio, Member, Committee 
on Science and Astronautics, i n  the  House of Representatives on 
Apr i l  23, 1970. 
elect ronics ,  synthet ic  rmterials, pharmeeuticabs, nuclear power, and 
other areas. 
The space age i s  now adding an e f fec t ive  new stimulus without 
an open %and f ron t i e r  and without t he  t a s t e  of a great  war, In t e r -  
national  competition i n  space has given the  world a be t t e r  view of 
American and Soviet i n s t i t u t i ons  and t h e i r  capab i l i t i e s .  Without war, 
space competition has stimulated advances i n  both nations i n  science 
and the  appl icat ion of new technology. 
The Department of S ta te  prepared a paper f o r  use by NASA on t he  
e f f e c t s  of t he  Space Program on America 's Foreign Relations. The paper 
en thus ias t i ca l ly  f e l t  that the  Space Program was benef ic ia l  t o  t he  United 
S ta tes .  The underlying sentiment of t he  paper was a p t l y  summed up i n  
t he  l a s t  paragraph quoted below; 64 
I n  summary, the  success and character  of t he  space 
program have had an important and highly benef ic ia l  
e f f ec t  on our posture i n  t he  world and our foreign 
re la t ions .  It has added t o  our nat ional  s t rength  i n  
many ways, and promoted nat ional  securi ty.  It has 
provided a medium f o r  s ign i f ican t  enhancement of the  
partnership we seek with f r i end ly  nations and f o r  t he  
successful  negotiat ion of agreements with t h e  Soviet 
Union. Only twenty years ago t h e  space program was a 
gleam i n  t h e  eyes of a few men then regarded as vision- 
a r i e s ;  today it influences the  l i v e s  of a considerable 
f r ac t i on  of mankind, and stands i n  the  vanguard of t he  
new and rap id ly  accelera t ing global  technologies. 
An excellent  example of space stimulated technical  progress i s  
t he  impact of new space requirements on t he  computer industry. Large 
computer systems of great  complexity, f l e x i b i l i t y ,  s i z e  and speed a r e  
needed t o  perform functions ranging from automated checkout functions 
t o  r e a l  time monitoring of space missions, from inventory management 
t o  a i r c r a f t  and spacecraft  simulators, from computing planetary 
t r a j e c t o r i e s  t o  modeling global  weather patterns.  
Challenging t he  bes t  t a l e n t s  of our computer industry by NASA 
has helped t he  U.S. computer industry t o  a t t a i n  i t s  present dominant 
world posit ion.  Vi r tua l ly  every on-line, d i r e c t  access commercial 
computer system i n  the  world today i s  American, and r e f l e c t s  the  space 
gu2dance and checkout requbements of a few years back. 
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D r .  Thomas t r i n e  i n  his address t o  the ~ o n g r e s s ~ ~  d-escribed the 
economie value of the  computer industry t o  the U , X ,  economy, 
The U. S ,  computer industry does about $8 b i l l i o n  
worth of business a year, It pays the  highest  
average wages of any U,S ,  industry, i s  one of the 
most rapidly  growing, and contributes a la rge  
posi t ive  in ternat ional  balance of trade.  You 
might be in teres ted i n  reviewing a few s t a t i s t i c s  
here.  I n  1960 the  U. S. exported $48 mill ion worth 
of computers; by 1965, t h i s  has r i s e n  t o  $223 m i l -  
l ion ,  and it reached $728 mil l ion i n  1969. U, S, 
computer exports have increased over 1,400 percent 
i n  t he  f i r s t  decade of t he  space age, and prospects 
f o r  t h i s  decade a r e  equally br ight  i f  progress 
continues. 
This impressive record is  b u i l t  on excellence of 
performance through continuing technological 
super ior i ty .  The economic hea l th  and growth of 
t h i s  v i t a l  new segment of U.S. industry i s  creat ing 
s ign i f ican t  national  cap i ta l ,  now and fo r  years t o  
come. NASA i s  proud of the  degree t o  which our 
stimulus and support of technological  advance has 
encouraged and a s s i s t ed  t h e  computer industry 's  
growth. 
Not only did we get  fill value i n  the  d i r e c t  r e s u l t s  
t h a t  t h e  Government paid for ,  but  t he  en t i r e  Nation 
i s  benef i t ing from the  economic and technological 
contributions of t h i s  industry. America ' s investment 
i n  the  computer industry i n  t h e  1960's may wel l  prove 
t o  be t he  most benef ic ia l  technoeconomic decision f o r  
t he  second ha l f  of the  20th century. 
The space and aeronautical  work done by NASA. has had a s imilar  
benef ic ia l  e f f ec t  on the  aerospace industry. It i s  now America's 
l a r g e s t  manufacturing industry, employing 1.3 mill ion people with 
$14 b i l l i o n  annual payroll .  This industry does an annual business 
of 27 b i l l i o n  and l a s t  year (1969) had a $28 b i l l i o n  backlog. U.S. 
exports of a i r c r a f t  and par t s  climbed from $1.1 b i l l i o n  i n  1964 t o  
2 .9  b i l l i o n  i n  1969 but does not include airborne e lect ronic  systems 
such as radar, communications and navigation equipment. The aerospace 
industry i s  thus one of our great  producers of national  wealth. America 
would not have t h i s  v i t a l  i ndus t r i a l  capacity, competence, and output 
today bad w e  not m,de continuing technological investments i n  the -past. 
This 1ril .1 hold true eveil more so in the economic t ymt ions  of' the L"utwi3~ 
I n  t h e  f i e l d  of telecommunications new uses a r e  eontir-sually 
being found. 13a&s, stock exchanges; h o t e l  reservat ions ,  cable TV? 
hospi ta ls ,  computer cen te r s  and other  new customers a r e  appearing a t  
a n  increasing r a t e .  We a r e  i n  t h e  midst of a global  communications 
"explosion". The newest development t h a t  can he lp  meet t h i s  demand 
and increase service  i s  t h e  communications s a t e l l i t e .  It can supple- 
ment o r  replace  cable, r ad io  o r  microwave l i n k s  and can interconnect  
every part of t h e  world. The communications s a t e l l i t e  i s  f a r  more 
than a replacement f o r  phone or  wire less ,  it is a new kind of capa- 
b i l i t y .  
A s  a n  example of p r o l i f e r a t i o n  of uses r e s u l t i n g  from a n  i n i t i a l  
development, a f t e r  NASA's i n i t i a l  experiments with Syncom I1 and 111, 
they were turned over t h e  t h e  Defense Department f o r  t h e i r  t r ans -Pac i f i c  
communications requirements u n t i l  they could meet these  needs themselves. 
The Defense Department now has i t s  own near-synchronous communications 
s a t e l l i t e s  i n  operat ion as wel l  as a t a c t i c a l  communications s a t e l l i t e  
(and a navigation s a t e l l i t e  ca l l ed  trasit  f o r  Navy use) .  NASA has  
j u s t  launched t h e  B r i t i s h  Skynet and NATO has j u s t  launched a communi- 
ca t ions  s a t e l l i t e  system. The B r i t i s h  and NATO systems were both b u i l t  
i n  t h e  United S t a t e s  i n  support of j o i n t  Western defense needs. A l l  of 
these  systems t r a c e  t h e i r  t echn ica l  h e r i t a g e  t o  NASA's communications 
s a t e l l i t e  programs. 
I n  t h e  f i e l d  of telecommunications as w e l l  as other f i e l d s ;  
The NASA contr ibut ion has  been t o  challenge and s t imula te  
t echn ica l  advance, fo rc  ing  new invent  ions i n t o  the  market 
place and making them work. This has a nat ional  value 
without a p r i c e  tag .  I n  my opinion, it is worth, simply, 
t h e  d i f fe rence  between continuing nat ional  progress and 
f a l l i n g  behind i n t o  pos i t ion  of  second bes t ,  never 
again  t o  catch up. 68 
Some telecommunication s t a t i s t i c s  a r e  of economic importance and 
w i l l  be mentioned here. I n  1960 the re  were l e s s  than 75 mil l ion  phones 
i n  America; i n  1970 we have about 120 mil l ion .  I n  1960 18 b i l l i o n  
phone c a l l s  were made i n  America, i n  1969 nearly 200 b i l l i o n  were made, 
i n  o ther  words almost 500 mil l ion  ?hone c a l l s  a r e  made each day i n  t h e  
Un5."ced. S ta tes .  The value of t h e  U,S, tebeeomunieations business 
includ-Tag service equipment, grew from $22 b i l l i o n  i n  1960 t o  over 
$47 b i l l i o n  i n  1970, The c i r c u i t  mileage 'has been doubled every 19 
years since 1935, 
I n  the  f i e l d  of information C1014 processes NASA, h a s  taken the 
lead i n  developing posi t ive  new processes fo r  the  documentation and 
t rans fe r  of s c i e n t i f i c  and technical  information t o  those who can use 
it. The NASA technology u t i l i z a t i o n  program documents innovations 
from a l l  NASA centers  and i ndus t r i a l  contractors which may f i nd  use 
i n  a wide range of other applications.  To date  over 18,000 individual  
technology items have been so iden t i f i ed  with over 3,000 documented i n  
the  widely used "Tech Briefs", of which 38 mil l ion have been sold and 
d i s t r ibu ted .  
A recent Wall S t ree t  Journal  a r t i c l e 6 7  discussed some aspects  
of the  NASA data bank which f i l e s  and makes avai lable  on request  t h e  
technology items which have relevance t o  t he  economy, A port ion of 
t he  Wall S t r ee t  Journal  Ar t i c l e  is  quoted; 
W i l l i a m  Ferwalt runs a seven-man company t h a t  makes 
oscil loscopes on the  Nez Perce Indian Reservation i n  
Idaho. He wants t o  know everything he can about 
oscilloscopes, so last f a l l  he paid $190 fo r  a com- 
puter search of t h e  National Aeronautics and Space 
Administrat ion ' s technical  data  bank. 
For h i s  money, he got t h e  f r u i t s  of f i v e  years of 
oscil loscope research done by Bendix Corp. under 
Government contract .  The data  included h i ther to  
overlooked techniques f o r  building a specia l  type 
of instrument. 
M r .  Ferwalt expects t o  parlay h i s  $190 i n to  $100,000 
i n  sa les ,  thereby doubling h i s  company's business 
over t h e  next several  years. 
Ferwalt, Inc. is one of an increasing number of 
businesses taking advantage of t he  $35 b i l l i o n  
spent on research fo r  t he  nat ion 's  space program. 
The companies get  t h e i r  information a t  any of s i x  
data dissemination centers designed t o  open NASA's 
extensive technical  data resources t o  pr ivate  
industry,  
The way the  t rans fe r  works i s  f o r  a small f e e  an entrepeneur 
can have a computer search made of NASA's extensive technological 
data banks i n  h i s  own f i e l d  of in te res t ,  and can then apply the 
r e s u l t s  within h i s  company t o  develop new or  improved products o r  
services  i n  a rninim~im. time s t  IOW cost- 
Some add-dit ioml coment  should be m d e  about BlASAk program t o  
cata,log, s tore ,  r e t r i e v e  and disseminate t h e  v a s t  amount of information 
t h a t  i s  being generated i n  t h e  s c i e n t i f i c  a reas .  NASA makes a v a i l a b l e  
t h e  r e s u l t s  of worldwide research and development a c t i v i t i e s  i n  aero- 
nautics,  space and supporting d i sc ip l ines .  NASA's s c i e n t i f i c  and 
t echn ica l  information system contained near ly  a mil l ion  documents. 
The NASA system includes t h e  S c i e n t i f i c  and Technical Aerospace Reports 
(STAR). STAR is a comprehensive abs t rac t ing  and indexing journal  cover- 
ing  worldwide r e p o r t  l i t e r a t u r e  on t h e  science and technology of space 
and aeronautics.  Publicat ions abs t rac ted  i n  STAR include s c i e n t i f i c  
and t echn ica l  r e p o r t s  issued by NASA and i ts  contractors,  o ther  U.S. 
Government agencies, and corporations, un ive rs i t i e s ,  and research 
organizat ions throughout t h e  world. Per t inent  theses,  NASA-owned 
pa ten t s  and patent  appl ica t ions ,  t r ans la t ions ,  and other  separa te  
documents a r e  a l s o  abs t rac ted .  Ci ta t ions  and a b s t r a c t s  i n  STAR a r e  
grouped i n  34 subject  ca tegor ies ,  
Additionally, by arrangement between NASA and t h e  American 
I n s t i t u t e  of Aeronautics and Astronautics (AIAA) , t h e  publicat ion,  
In te rna t iona l  Aerospace Abst rac ts  (IAA), published by AIAA, provides 
p a r a l l e l  coverage of s c i e n t i f i c  and t r a d e  journals, books and 
conference papers i n  t h e  same subject  a reas  as t h e  r e p o r t s  abs t rac ted  
i n  STAR. 
A desc r ip t ion  of t h e  purpose of t h e  NASA S c i e n t i f i c  and 
Technical Information is  quoted d i r e c t l y  from NASA's desc r ip t ive  
The NASA s c i e n t i f i c  and technical  information 
system has been developed t o  maximize t h e  use of 
newly acquired knowledge f o r  a l l  men's benef i t .  
It is  highly  specia l ized and highly automated 
primari ly t o  meet t h e  needs of t h e  many p a r t i c i -  
p n t s  i n  t h e  explora t ion of space, but  o ther  
government, i n d u s t r i a l  and academic groups have 
found the  system he lp fu l  i n  a g rea t  v a r i e t y  of  
o ther  endeavors . 
uu 
I n f o r m t i o n  booklet , The HASA Sc ien t i f  Le and Technical Inform,tj_on 
Administration, March 1970, 
Thousands of doeuraents a r e  ad-ded t o  t h l s  In formt ion  
bank every month, Many others a r e  re jec ted  t o  pre- 
vent t h e  scope and coverage of t h i s  system from 
overlapping and excessively duplicating t he  services  
of o ther  l a rge  information storage and dissemination 
programs. This publication l i s t s  t he  c r i t e r i a  t ha t  
current ly  govern decisions regarding addi t ions  t o  
t he  NASA co l l ec t  ions. 
The rap id  advances i n  science, engineering, and 
technology applicable t o  innumerable aerospace 
tasks  - and t h e  increasing erosion of the  mechanical, 
d isc ipl inary,  and geographical b a r r i e r s  t o  t he  t r ans f e r  
of technical  information and data - make it imperative 
t h a t  t h e  coverage of t h i s  system be reviewed frequently. 
So, as much as t h i s  publication is  a current  "table of 
contents", it i s  a l so  a guide t o  those who can useful ly  
suggest adjustments i n  t h e  scope of the  NASA s c i e n t i f i c  
and technical  information system t o  meet i t s  constantly 
changing needs. 
As an  example of the  technical  information program, NASA, i n  
response t o  my request  f o r  l i t e r a t u r e  on t h e  benef i t s  of t he  space 
program (which I made t o  t h e i r  Sc i en t i f i c  and Technical Information 
~ i v i s i o n ) ,  provided me with a copy of each of two computer l i t e r a t u r e  
searches t h a t  had been previously done f o r  a paying user ,  They were 
extensive i n  scope. 
NASA Li te ra tu re  Search 9748 t i t l e d ;  " ~ e a s u r i n g  Benefi ts  of Public 
~rograms", dated September 12, 1969 had 648 c i t a t i ons .  A s  an  i l l u s -  
t r a t i v e  example, one c i t a t i o n  has been taken a t  random: 
Space and t he  National Economy. (Space Program i n  Terms 
of Benefits t o  National ~conomy) Welsh E. C. Conference on Space 
Science and Space Law U. of Oklahoma, Norman, Oklahoma, June 18-20, 1964. 
NASA Li te ra tu re  Search 9175 t i t l e d ;  "Economic and Technological 
Benefits r e su l t i ng  From the  U. S, Space Programs", dated Ju ly  10, 1969 
had 413 c i ta t ions .  One c i t a t i o n  taken a t  random i s :  
Some Major Impacts of t he  National Space Program, 
Stanford Research In s t i t u t e ,  Menlo Park, California, 
Hough, R. W, June 1968. 
NASA L i te ra tu re  search 9748 was prepared i n  p r t  by a new tech- 
nique: NASA (RECOE) , RECON f s the  acronym formed from the  words REmote 
CONsoZe, It i s  a d-irect-access, t i m e  shared, i n f o r m t i o n  retreiva,l 
service  by means of which individual  se ie r i t l s t s  and engrneers my 
almost ins tan t ly  in terrogate  a central computer t o  search. hundreds 
of thousands of doewent c i t a t i ons ,  with r e s u l t s  displayed i n  seconds 
on -the cathode ray  tube before which the  inquirer  i s  seated,  Search 
9748 comprised both pr inted output from U%/RECON and pr intout  
r e su l t i ng  from a conventional tape search, 
Search 9748 is a refinement of Search 9175 which is based on a 
computer search of t he  co l lec t ion  of bibliographic and indexing in f  or - 
mation stored on magnetic tapes a t  the  NASA. Sc i en t i f i c  and Technical 
Information Iihcil i ty.  The r e s u l t s  a r e  compiled i n  t he  form of a 
computer pr intout  t h a t  contains l i s t i n g s  of two types of reference 
c i t a t ions ,  viz.,  technical  repor t  c i t a t i ons  and published l i t e r a t u r e  
c i t a t i ons .  Abstracts of the  technical  repor t s  c i t e d  i n  the  pr intout  
may be found i n  NASA's semi-monthly journal, Sc i en t i f i c  and Technical 
Aerospace Reports (STAR). Abstracts f o r  published l i t e r a t u r e  r e f e r -  
ences may be found i n  the  semi-monthly journal, In ternat ional  Aerospace 
Abstracts ( I A A )  which is published by t he  American I n s t i t u t e  of Aero- 
naut ics  and Astronautics (AIAA) . 
Any individual  or  organization wishing information on a e r o s p c e  
a c t i v i t i e s  has an unparalleled goldmine of i n fo rmt ion  a t  t h e i r  d i s -  
posal  with t h i s  NASA. information r e t r e i v a l  system. It i s  one more 
example of benef i t s  from t h e  space program. 
D r .  paine69 quoted D r .  Lee m r i d g e ,  t he  President I s  former 
science adviser on the  subject  of the  e f f e c t  of space research on 
education; 
One hundred years from now the new kind of knowledge 
obtained i n  space research w i l l  sure ly  have paid untold, 
unforeseen, and unexpected dividends. Already, the  
dawning of the  space age has impelled Americans t o  seek 
t o  improve t h e i r  schools. That alone may be worth the  
cost  of a l l  our space rockets,  
D r .  F'aineTO f e l t  t h a t  t he  greates t  contribution t o  U. S. Education 
of space research has undoubtedly been the  information academic researchers 
have received from our d i r e c t  involvement of the  univers i ty  community 
i n  t he  U,S, s p c e  program, What these  s c i e n t i s t s  and graduate students 
l e a rn  i n  the  pursuit  of t h e i r  research feeds back imed ia t e ly  i n to  the  
teaching, publicatLon and Learning process, thus becoming ava i lab le  t o  
the  new student generation and technical  eomunity,  HASA's univers i ty  
programs include a l l  project-oriented research supported by the various 
program o f f i ce s  and NASA, centers, and the  sustaining univers i ty  program. 
They a r e  supervised by the  Office of University Affa i r s .  The programs 
emphasize qua l i ty  research which a r e  useful  t o  NASA and t o  the  colleges 
and un ivers i t i es  as a source of strength.  
I n  1969, NASA funded about 1,400 projects  a t  some 230 univer- 
s i t i e s ,  with an  expenditure of approximately $115 million. NASA made 
a specia l  e f f o r t  t o  a l l e v i a t e  t h e  recurr ing funding c r i s e s  of research 
projects  by providing some forward funding a t  reduced l eve l s  f o r  approx- 
imately ha l f  of t he  continuing research projects  a t  t he  un ivers i t i es .  
I n  t he  Pres ident ' s  Space ~ e ~ o r t 7 l  he repor t s  on t h e  space funds 
expended by t h e  National Science Foundation f o r  t he  W t h e r a n c e  of 
educational a c t i v i t i e s .  I n  f i s c a l  year 1969 approximately $4.8 
mil l ion w a s  obligated by the  Foundation's three  education divis ions  
f o r  a c t i v i t i e s  which were, e i t he r  i n  whole or  i n  part ,  r e l a t ed  t o  
aeronautic and space sciences. Since many of these  awards were 
multi-discipline i n  nature - e.g., a project  providing t r a in ing  i n  
several  d i sc ip l ines  - it i s  therefore  estimated t h a t  approximately 
$2.95 mill ion was awarded i n  f i s c a l  year 1969 fo r  education i n  the  
aeronautic and space sciences. 
These funds provided f o r  fellowships and traineeships,  up- 
grading t h e  subject  matter background of teachers, t r a in ing  fo r  students, 
and contributed through a var ie ty  of mechanisms t o  the  improvement of 
education i n  aeronautic and space sciences i n  junior and senior high 
schools a s  well  a s  i n s t i t u t i ons  of higher education, 
The e f f e c t  of space research on education can be d i r e c t l y  
assessed i n  some instances but  f o r  t he  most par t  the re  i s  d i f f i c u l t y  
i n  es tab l i sh ing  a simple cause and e f f e c t  re la t ionship .  A review of 
t he  major influences seems t o  show tha t  t h e  age of space must be 
considered a s  a leading fac tor .  Some of the  other major influences 
a r e  mentioned t o  put t h i s  discussion i n  perspective. Education has 
a l s o  been a f fec ted  by the  c i v i l  rS-gh%s revolution, urban decay, 
affluence, poverty, 1~i3,r~ fear of an atomic imr, automation, the new 
71~res iden t ' s  1970 Space Report, op.c i t . ,  p. 77. 
morali ty and t h e  personal I d e n t i t y  c r i s e s  17hich seems t o  have lea,& t o  
t h e  so -called generation gap a 
NASA 's long range plans f o r  t h e i r  education ass i s t ance  program 
has  been h i t  by t h e  budget c r i s i s .  In 1965, 3132 students were study- 
ing f o r  t h e i r  doctorates i n  1-42 u n i v e r s i t i e s  i n  a l l  50 states under 
NASA Sustaining Universi ty Grants. This f i g u r e  has s t e a d i l y  decreased 
t o  1,300 i n  1966, 800 i n  1967 and 75 i n  1968. NASA support i n  educa- 
t i o n a l  construction has a l s o  declined d r a s t i c a l l y  from a pas t  investment 
of $44 mi l l ion  i n  nearly 35 u n i v e r s i t i e s  t o  no funds f o r  f i s c a l  1969, 
A t  t h e  elementary and secondary school levels ,  NASA's Educational 
Programs Division gives t h e  na t ion ' s  teachers  a major assist i n  teaching 
t h e  bas ic  understandings of Space Age developments. The Divis ion 's  
curriculum supplements have been designed t o  he lp  teachers  r e l a t e  t h e  
l a t e s t  space achievements t o  science, math and technical  art  courses. 
The Division a l s o  conducts a Teacher Services Program t o  provide 
space-related courses, seminars and i n s t i t u t e s  f o r  elementary and 
secondary teachers.  I n  1968 NASA education o f f i c e s  served more than 
1,250 teacher education programs i n  t h e  50 s t a t e s  with a n  enrollment 
of more than 37,000 teachers.  NASA embarked on these  education 
a s s i s t a n c e  programs a decade ago because it w a s  c l e a r  t h a t  any long 
term success of t h e  space program would be dependent upon t h e  t r a i n i n g  
and a s s i s t a n c e  provided by educational  p lants  a t  a l l  l eve l s ,  from 
elementary through post-graduate. 
An i n t e r e s t i n g  aspec t  of t h e  NASA e f f o r t  is  t h e  patent  and 
l i c e n s e  regula t ions  which a r e  a f u r t h e r  a i d  i n  t h e  t r a n s f e r  of 
technology. His tor ica l ly ,  a s t rong p ro tec t ive  patent  pol icy  advances 
a na t ion ' s  i n d u s t r i a l  economic c a p a b i l i t y  by providing a n  incent ive  
t o  inventors, entrepeneurs and organizat ions.  
The NASA patent  r egu la t ions  encourage f u l l  i n d u s t r i a l  use of 
inventions t h a t  r e s u l t  from research and development work performed 
by employees of NASA and i ts  contrac tors .  The regula t ions  s t imula te  
t h e  making of inventions and provide incentives f o r  t h e i r  in tegra t ion  
i n t o  t h e  economy. 
Under t h e  Space Act of 1958, a l l  new technologgr, ineluding 
inventions der iv ing from work under a NASII, cont rac t  m u s t b e  d isc losed 
promptly t o  NASA :A. These inventions become t h e  agency ' s sxcJ ive 
property, TUSA m y  waive a l l  o r  any -prt of the r i g h t s  i n  the inven- 
tion to the  contra,ctor, ho%rever, if it i s  i n  the  public i n t e r e s t  t o  
do so, 
When a H A S  contractor makes an invention and subsequently 
receives a waiver from NASA, t h e  company obtains t i t l e  t o  the  inven- 
t ion,  subject  only t o  t he  reservat ion t h a t  t he  Government may have a 
non-exclusive l i cense  t o  use the  invention. The rec ip ien t  of t he  
waiver i s  required t o  reduce t he  invention t o  a commercial form 
within a reasonable period of time and t o  f i l e  a patent application,  
or  t he  waiver w i l l  be revoked. 
To encourage t he  e a r l i e s t  possible commercial use, a l l  inventions 
owned by NASA f o r  which a patent app l ica t ion  has been f i l ed ,  or t h a t  have 
been patented on behalf of NASA, a r e  ava i lab le  fo r  royal ty-f ree  l i cense  
by American firms. If the  invention i s  not reduced t o  commercial form 
within two years a f t e r  a patent has been issued, NASA w i l l  make t h e  
invention ava i lab le  on an  exclusive ba s i s  i n  order t o  st imulate i n t e r e s t  
i n  using it commercially. A few inventions a r e  a l s o  ava i lab le  f o r  
l i cens ing  by foreign firms. 
On December 31, 1962 the  U. S. Government owned 13,671 patents  
and the  number was increasing a t  t he  r a t e  of about 1,900 annually. A 
survey disclosed t h a t  around 10 percent of the  inventions assigned 
t o  t he  Government a l s o  reached a s tage of commercial ~ t i l i t y . 7 ~  
I n  January 1963 NASA. reported t h a t  i t s  work, conducted both i n  
Government l abora tor ies  and pr ivate  f a c i l i t i e s ,  had l e d  t o  786 invent ions. 
By August 1964, the  number had increased t o  2,500; and by May 1965 
t h a t  number had doubled t o  5,000. 
The space program has a s ign i f ican t  mul t ip l ier  e f f e c t  on our 
economy and soc ie ty  i n  general. Inevitably, we always come back t o  
t he  do l l a r  questions: What has it cost?  What should it have cost? 
Would t he  money have been be t t e r  not spent, or  expended on other 
th ings  "here on earth"? Without repeating the  obvious f a c t  again 
t h a t  indeed a l l  NASA's do l la r s  a r e  spent on earth,  the  reply  t o  
these  questions seems t o  be t h a t  t he  country i s  get t ing i t s  moneys 
worth and must press vigorously forw8,rd both i n  t he  space program 
%o~rm,n, Mary A, ' fGo~ermcnt  Researeh and. Devcl oprnent Inventions - 
a new ~ e s o w c e ?  ", 
and here on ea r th ,  Spice research and earth-bound expenditures a r e  
not mutuaIbIby t3weluslve9 but mutually supporting en te rpr i ses*  
The United S ta tes  has  been spending i t s  tax  do l la r s  a t  an  
ever-increasing r a t e  fo r  programs t o  ef'feet soc i a l  change; i n  schools, 
i n  welfare programs, i n  poverty programs and has been spending t a x  
do l l a r s  a t  a decreasing r a t e  i n  NASA t o  e f f e c t  technological change. 
Money spent on soc i a l  programs involves the  red i s t r ibu t ion  of 
ex i s t i ng  resources, money spent on space research involves the  
c rea t ion  of new resources. The soc i a l  account i s  f a r  l a rge r  and 
growing rapidly.  The growth alone i n  1969 i n  soc i a l  programs was 
the  do l l a r  equivalent of two whole NASA year ly  programs. The f i s c a l  
year 1971 budget proposal was t o  increase t h e  soc i a l  programs by 
24 NASA ' s t o t a l  budget. 
Our space e f f o r t  over t he  1959-1969 decade has cost  l e s s  than 
one-half of one percent of our gross nat ional  product and i n  r e tu rn  
it has made a major contribution t o  t he  growth of our GNP from $440 
b i l l i o n  i n  1958 t o  $900 b i l l i o n  i n  1969. The $450 b i l l i o n  growth i n  
our GNP is  probably one of t he  p r inc ipa l  f ac to r s  t h a t  has made 
possible our expanded soc ia l  programs. 
Adding up the  Federal budgets from 1959 t o  1969, we f i nd  t h a t  
t he  United S ta tes  has spent $1.4 t r i l l i o n  and of t h a t  figure, the  
NASA program has cost  $35 b i l l i o n  o r  only 24 percent of Federal 
spending. It would seem t h a t  t he  many benef i t s  t o  the  United S ta tes  
and i n  f a c t  t o  t he  world f a r  outweigh t h e  sum spent on the  space 
program. Time and again i n  doing t h e  research f o r  t h i s  t h e s i s  the  
same expression has been used by d i f f e r en t  people and I w i l l  repeat  
it here i n  paraphrased form because of i t s  relevance; " ~ e t  it not 
be sa id  t h a t  we LKmericansT - know the  p r ice  of everything and the  
value of nothing". The Pres ident ' s  Annual Report on t he  space 
program73 shows tha t  over a period of 15 years and through t h e  end 
of f i s c a l  year 1970 the  United S ta tes  w i l l  have spent more than 
$57 b i l l i o n  on a l l  of our  space programs for  a l l  federa l  agencies, 
EASA, DQD, AEC, Commerce, In te r io r ,  Agricult'uwe and the Eationa.1 
Science Foundation, 
P 
7 3 ~ e r o m u t i c s  and S p e c  Report of t h e  President, Transmitted t o  t he  
Congress, p,  3-05, Appebzdh F-l, January 1978, 
The nat ion 's  economic e f f o r t  over t he  past  twelve years t o t a l s  
over $8 t r i l l i o n ,  O f  t h i s ,  taking in f la t ionary  trends in to  account, 
more than $2,4 t r i l l i o n  was r e a l  growth over the  1959 level. Various 
estimates indicate  t h a t  approximtely  5 ~ %  of growth i n  productivity 
i s  a t t r i bu t ab l e  t o  t he  flow of new technical  knowledge i n to  the  
economy. That knowledge comes from research and development invest-  
ments. A perusal  of breakdown char t s  f o r  R&D a l l 0 t m e n t s 7 ~  indicates  
t h a t  25% of t he  na t ion ' s  t o t a l  research and development w a s  carr ied 
out  under the  space program fo r  the  period 1954 through 1966. 
The space program could therefore  be considered responsible 
f o r  a major part of t he  new technology which c rea tes  wealth and 
productivity. This is  one way t o  est imate t he  force  fo r  progress 
exerted by t h e  space program. 
One measure of space program benef i t s  i n  approximate do l l a r  
values might be t h e  growth i n  nat ional  wealth and productivity.  The 
gross national  product has more than doubled since 1959, going from 
$469 b i l l i o n  t o  $960 b i l l i o n  i n  1969, an  increase of over 100%. I n  
1947, the  productivity index f o r  manufacturing as shown i n  the  
President ' s 1970 Economic Report, 75 was around 72; twelve years 
l a t e r  it had grown t o  96, a 26 point increase. During t he  next 
period t he  growth went t o  145, an  increase of 47 points, or  nearly 
double the  e a r l i e r  r a t e  of growth, 
D r .  Paine i n  r e f l ec t i ng  on t h i s  growth i n  t he  r a t e  of the  
productivity increase said:  T6 
This is a r e f l ec t i on  of technology moving in to  high 
gear - and space has been a d r iver  of the  advanced 
technologies. We do not and cannot claim t h a t  space 
alone has created a l l  the  new productivity we enjoy 
today; we can say i n tu i t i ve ly  it would have been 
s ign i f i c an t l y  l e s s  without t he  dynamic leverage of 
a space program. 
I would l i k e  t o  give some s t a t i s t i c s  on t he  number of firms 
involved i n  t he  long completed Gemini Program, the  two man orb i t ing  
spaceship which was the  predecessor f o r  t h e  ApolLo Project ,  
7 4 ~ e d e r a l  Funds f o r  Research, Development and Other Sc ien t i f i c  
Act iv i t i es ,  F i sca l  Years 1964, 1965 and. 1966, Vol, XIV, National 
Science Founda,tion W-blication No, : WSF 65-19 a.gQg. 
7 
I 5 ~ r e s i d e n t  ' s 1970 Economic Report t o  the  Congress, 
'i7McDonnell Aircraft Corporation, prime contractor fo r  the  
eapsvle, had 3,196 subcornJcraetors and uncounted suppl iers  t o  t h e  
subcontractors. Martin Co,, responsible for the  Ti tan 1% l ameh  
vehicle, had an  estimated 1,500 t o  1,800 compnies supplying services,  
pa r t s  and materials .  The subcontractors ranged i n  s i ze  from General 
E lec t r i c  Company t o  the  Blake Rivet Co., a f i r m  with 60 employees 
t h a t  made the  spec ia l  t i tanium a l l o y  fas teners  used i n  assembling 
t he  capsule. The suppliers ranged i n  technology base and orienta-  
t i o n  from IBM t o  t he  David Clark Co., a brass ie re  and g i rd l e  manu- 
fac ture r  t h a t  made the  space su i t s .  
78Mr. James J. Haggerty, aerospace wri ter ,  made t h i s  comment on 
t h e  economic benef i t s  of t h e  space program: 
And they E p a c e  program b e n e f i t d  o f f e r  economic 
re tu rns  of a very s ign i f ican t  order. Exist ing estimates, 
admittedly conservative, warrant t h e  prediction that ,  
by t h e  end of t he  decade, t he  d i r e c t  economic benef i ts  
stemming from space-originated technology w i l l  f a r  
exceed the  ant ic ipated annual funding f o r  space research. 
7%ggerty mkes  an  i n t e r e s t i ng  economic point about the  
Communications S a t e l l i t e  Corp . ( ~omsa t ) ,  t he  American member of 
In te rna t iona l  Telecommunications Consortium ( ~ n t e l s a t )  . Comsat is 
a pr iva te ly  owned company which did  not e x i s t  six years ago, now has 
132,000 shareholders, t o t a l  a s s e t s  approaching $300 mill ion and 
annual operating revenues of about $45 mill ion.  He f e e l s  t ha t  
impressive as these  f a c t s  and f igures  a r e  the  Comsat has barely 
scraped the  surface of the  lode. I n  hardware development a r e  new 
types of s a t e l l i t e s  t h a t  o f fe r  exci t ing po t en t i a l  f o r  the  future.  
A t  any r a t e  t he  important f a c t  i s  t h a t  space research has generated 
an  en t i r e ly  new segment of the  communications industry. 
Haggerty's economic analysis  of t h e  savings accruing i n  t h e  
North At lan t ic  by reducing required a i r c r a f t  d is tances  from each 
other by u t i l i z a t i o n  of the  navsat; 80 
7 7 ~ i c h a r d  L. Lesher, Assistant  Administrator f o r  NASA Technology 
- - 
u t i l i z a t i on ,  George J, Bowick, Director, NASA Technology U t i l i z a t i on  
Division, ppublieation SP-5067, 
1966, Washington, D, C, 
r i b g g e r t y ,  op. c i t . ,  p.3. 
791bid, p, 4, 
80,,d -9 - Pa 9. 
Because of mv ig8 t  ionax shortcomings, traf f i e  
control  r e g u h t l o n s  dem,kad a 120 mile-lateral 
se-para.bion of aircra2-l; as an ara-ticollisios 
measure, Thjs means that, when a number of 
planes depart  a terminal within minutes of each 
other, only one of them can take the  d i rec t ,  
shortest-distance-between-two-points route.  The 
second F i r c r a f t 7  must move out 120 miles t o  one 
s ide  of the  d i r e c t  course; the  t h i r d  120 miles 
t o  the  other.  The four th  and f i f t h  a i rp lanes  
must f l y  240 miles off  course, and so on. 
Aside from longer t r a v e l  time f o r  the  passenger, 
such d i rec t iona l  ef f ic iency costs  t he  a i r l i n e s  
i n  increased f u e l  expenditures. It is  e s t i m t e d  
t h a t  ex t ra  cos t s  run from $30,000 t o  $50,000 per 
year per a i rplane,  which amounts t o  a very sub- 
s t an t  ia l  f igure  f o r  a i r l i n e s  operating la rge  
f l e e t s ,  The s a t e l l i t e  system can reduce required 
l a t e r a l  separation t o  t h i r t y  miles a t  a do l l a r  
savings f o r  the  North At lan t ic  above estimated 
a t  c lose  t o  $20 mil l ion a year. 
The economic benef i t s  of navsat t o  surface shipping due t o  the  
number of ships involved could be substant ia l .  Ship operations 
current ly  cost  from $1,000 t o  $4,000 per day while a t  sea. There a r e  
more than 3,000 ships of more than s i x t y  countries repor t ing t o  the  
ex i s t ing  t r a f f i c  control  center and probably a greater  number of 
non-reporting smaller c r a f t  such as yachts and f i sh ing  boats. 
Precision navigation (as ide  from safety)  i s  a money saver i n  
rue1 costs  and reduced time a t  sea. Direct home off  i c e  t o  ship 
contact o f f e r s  g rea te r  eff ic iency i n  scheduling and rout ing and 
l o g i s t i c s  i n  general.  The prevention of co l l i s i ons  o f f e r s  savings 
f a r  beyond damage costs.  I n  t he  oil-shipping industry fo r  example 
e f f i c i e n t  operation requires  t i g h t  scheduling of ship dockings and 
o i l  flow. The removal of a s ingle  ship from service due t o  co l l i s i on  
damage can cause a temporary shutdown of an  o i l  f i e l d  with consider- 
ab l e  monetary losses  resu l t ing .  
A considerable comfort t o  persons involved i n  ships o r  a i r c r a f t  
i n  d i s t r e s s  w i l l  be t he  g rea t ly  improved capabi l i ty  t o  loca te  a downed 
a i r c r a f t  o r  ship i n  t rouble ,  Elimination of t he  search phase of a 
rescue opera"cisn beca,use of precise posi t ion k.nowled.ge of the  sea,rch 
object  w i l l .  save many lives and much suffering, 
A recen t  r epor t  prepared by the Mar it Lrne Administrat ion f o r  
the J o l n ~ t  Naviga"con S a t e l l i t e  Cornit tee predicted. t h e  annual savings 
t h a t  might r e s u l t  by 1975 if automation of ship  navigalion ( u t i l i z i n g  
a navsat system) i s  achieved, 83. 
Navigation Savings 
Maximum Minimum 
(mill ions) (mill ions) 
U. S. ships (1,000) $1.4 $0.6 
U. S. ships  (At lant ic)  1.0 0.4 
Foreign ships (17,000) 7.0 3 .4 
Foreign ships (At lant ic  5.2 2.2 
World ships (18,000) 9.2 4.0 
World ships (At lant ic  6.2 2.6 
A search and rescue s a t e l l i t e  system incorporated i n to  a navi- 
gation s a t e l l i t e  and t r a f f i c  control  s a t e l l i t e  system could e f f e c t  t h e  
following savings i n  search and rescue operations according t o  an IBM 
report  made f o r  N A S A ~ ~  i i t l e d  "ORL Experiment Program - Communications 
and Navigation, " February 21, 1966. 
Estirmted Savings 
Annual r a t e  1964 (mill ions) 
occurrence - ~ o s t ( m i l l i o n s )  1980 - 2000 
Medical 
Assistance 1,600 2.83 
Ditchings 84 4.97 19 0 78 35.80 
Fire, Collision, 
man a d r i f t  1,250 2.46 3.78 7 07 
Tota l  2,934 10.26 27 . 91. 51.00 
Finally,  the  one important fac to r  i n  the  search and rescue 
operations is  the  value of saving a human l i f e  f o r  which no do l l a r  
amount can be assigned. It is U.S. policy t o  normally save a l i f e  
no matter what t he  cost ,  It is t o  be expected t h a t  a saving of l i f e  
w i l l  a l s o  r e s u l t  from a search and rescue s a t e l l i t e  capabi l i ty .  
8hIA.SA Report SD-142, A Survey s f  Space Applications . . . "for the  
Pzat ion, 
The Fartb Resawees Teehnoboa S a t e l l i t e s  ( ~ T s )  t h a t  have been 
discussed e a r l i e r  i n  t h i s  t h e s i s  w i l l  provide vas t  poten"cia2 benef i t s .  
NASA. has ca lcula ted  t h a t  a n  e a r t h  resources survey i n  t h e  United S t a t e s  
could reduce a g r i c u l t u r a l  bosses by t e n  percent ,  Dollar  es t imates  
of $400 mil l ion  could be saved annually i n  crop losses ;  increased 
meat output is  valued a t  $350 mi l l ion  annually due t o  e a r l y  de tec t ion  
and cor rec t ion  of nutr ient-def i c i e n t  rangeland; and $100 mi l l ion  a year 
i n  a g r i c u l t u r a l  land saved from floods. Even looking a t  these  l imi ted  
e s t i m t e s  if one were t o  consider worldwide gains on a g loba l  bas is ,  
t h e r e  would be a n  economic value of b i l l i o n s  of d o l l a r s  per  year. 
Under t h e  COSMIC program of computer software dissemination, 
NASA. has provided 20,000 software items t o  in te res ted  users .  The cos t  
is  kept  low, from $125 t o  $1,200 per program and a COSMIC customer can 
g e t  a software package f o r  from one-half t o  one-tenth t h e  cos t  of 
developing a similar program from scra tch .  COSMIC was s t a r t e d  i n  1966 
bu t  e a r l y  r e s u l t s  ind ica te  it may become a b i g  a r e a  of b e n e f i t s  accruing 
from t h e  space investment. 
The mul t ip l i e r  e f f e c t  of space research spending on t h e  economy 
has  been mentioned severa l  times i n  t h i s  t h e s i s  and it is  now t i m e  t o  
b r i e f l y  explain and discuss  it. 
The simple m u l t i p l i e r  theory of economics states t h a t  each d o l l a r  
change i n  investment l eads  t o  more than a d o l l a r  - i .e . ,  t o  a "mult ipl ier" 
change i n  NNP83 p e t  National ~ r o d u c g .  This increase i n  na t iona l  income 
w i l l  be by a mul t ip l ied  amount g rea te r  than i t s e l f  which is e a s i l y  
computed by e i t h e r  a n  a lgebra ic  o r  ar i thmet ic  formula. Investment 
spending with i ts  subsequent e f f e c t  upon increased employment l i k e  
any other  independent s h i f t s  i n  governmental, fore ign o r  family spending - 
i s  high powered, double-duty spending. This amplif ied e f f e c t  of  inves t -  
ment on income (and the re fo re  jobs) i s  c a l l e d  t h e  mul t ip l i e r  doctr ine;  
t h e  word mul t ip l i e r  i t s e l f  i s  used f o r  t h e  numerical c o e f f i c i e n t  showing 
how much above un i ty  is t h e  increase i n  income r e s u l t i n g  from each 
increase i n  investment. 
To give a numerical example, If a $10 b i l l i o n  increase i n  
investment causes a n  income increase of $30 billion, the mul t ip l i e r  
Economi.cs, 8 t h  ffcli.tion, McGraw-HiLE Book Gompny-, 
p,  208. 
i s  3 .  If the  increase were $40 b i l l i on ,  the  mul t ip l ier  would be 4. 
The multiplier i s  therefore the  number by which the change i n  invesJc- 
ment must be multiplied i n  order t o  present us with the  resu l t ing  
change i n  income, 
Samuelson "gives a simple example t o  i l l u s t r a t e  the  mul t ip l ier  
e f f ec t .  He says t ha t  i f  we h i r e  unemployed resources t o  bui ld  a $1,000 
garage, the re  w i l l  be a secondary expansion of nat ional  income and 
production over and above the  primary $1,000 investment. I f  the  
carpenters and lumber producers get  a t o t a l  of $1,000 income and i f  
they have a marginal propensity t o  consume of 2/3 's ,  they w i l l  spend 
$666.67 on new consumption goods. The producers of these goods w i l l  
now have an extra  income of $666.67. I f  t h e i r  m r g i n a l  propensity 
t o  consume is  a l s o  213 I s ,  they i n  t u rn  w i l l  spend $444.44 or  213 's of 
$666.67. This process continues with each new round of spending being 
213 s of t he  previous round. 
Thus, an  endless (although dwindling) chain of secondary con- 
sumption spending is s e t  up by t he  primary investment of $1,000. It 
adds up t o  a f i n i t e  amount e i t he r  by grade school ar i thmet ic  or  high 
school geometric progression. I n  ar i thmet ic  we add $1,000 + 666.67 + 
444.44 + 296.30 + 197.53, e tc .  t o  get  f i n a l l y  a t o t a l  of $2,999.999 
or  $3,000.00 
The s i ze  of the  mul t ip l ier  depends upon how large t he  m r g i n a l  
propensity t o  consume is versus the  marginal propensity t o  save. I f  
the  MPC were 3/4's, the  mul t ip l ier  would be 4. I f  the  MPC were 2, 
the  mul t ip l ier  would be 2. It can be expressed i n  terms of MPS a l so .  
I f  t he  MPS were t, the  MPC would be 314 Is and the  mul t ip l ier  would 
be 4. I f  the  MPS were 1/3rd, the  MPC would be 213rds and t he  multi- 
p l  i e r  would be 3. 
Using the  geometric progression, the  formula i s  : 
- 1 1 + r + + + r * + r 3 +  ..., + r n +  ... -- 1-r 
*r = MPC 
The simple mult iplier  i s  always the  upside-down or reciprocal  
of the  marginaL propensity t o  save. The simple formula i s :  
Change i n  income = X change i n  investment ms 
- 
 ' X change i n  investment 
1 -MI32 
Final ly  we should say t ha t  the  greater  t h e  re-spending, the  g rea te r  the  
mul t ip l ier .  The greater  the  saving a t  each round of saving, t he  smaller 
the  f i n a l  mul t ip l ier .  
I have spent a g rea t  deal  of time explaining t h i s  simple e f f e c t  
because it works backward a s  wel l  a s  forward. The increase i n  spending 
on space research with i t s  r e su l t an t  increase i n  employment has an  
upward mul t ip l ier  e f f ec t .  I f  space research is cut  back a s  i s  now 
the  case, the re  i s  a downward trend i n  t he  mul t ip l ier  and many people 
a s  well  a s  t he  nation a r e  affected.  
on Economic Benefits of the  Smce Program 
I n  t h i s  concluding section of Chapter I V  some addi t iona l  do l l a r  
f igures  of estimated savings due t o  space appl icat ions  w i l l  be presented. 
Also, some information previously discussed may be rephrased again. The 
information presented may be crypt ic  but  is  purposely done t h i s  way i n  
the  i n t e r e s t  of brevity.  
Communications An RCA study of TV broadcast s a t e l l i t e s  i n  the  
summer of 1962 used India as an  example and determined t ha t  a s a t e l l i t e  
broadcast system would require  only 20 percent of t he  cost  required by 
ex i s t ing  methodology f o r  es tabl ishing a ground-based broadcasting 
system with similar user coverage. 
I n  May 196685, M r .  Vincent Rock, i n  a speech delivered a t  the  
AIAA Communications S a t e l l i t e  Systems Conference s ta ted  that: 
S a t e l l i t e  educational and informational t e lev i s ion  is  
leading t he  edge of a t r i l l i o n  do l l a r  market f o r  comm- 
unications and educational systems. This market is t o  
be found among the  2 b i l l i o n  people of the developing 
nations of Asia, Africa and Lat in  America. 
I n  another speech, on t h e  same conference, M r ,  R e  Burns 
presented an  econometric analysis  of a s a t e l l i t e  system fo r  educational 
TV, eonsiderlng several  countries.  For India, he estimated Sbt the 
t o t a l  annual. cost  for the  spce-ground syskem would be $10~43 mil l ione  
Using an e s a m t e d  89 rallLion studel?ts, by b97Q, the  annual cost  per 
student would be a *enomenally Low 12 cents.  
Earth Resources There a r e  many spec i f ic  examples i n  agr icu l tu re  
and fores t ry  i n  which the  appl icat ion of remote sensing techniques a r e  
expected t o  reap subs tan t ia l  economic benef i t s .  Cotton production on 
a world wide ba s i s  could be increased by t he  use of a remote sensing 
(via  s a t e l l i t e )  of s o i l  moisture conditions t o  es tab l i sh  i r r i g a t i o n  
times. An increase i n  cotton y ie ld  of 10% would amount t o  an annual 
economic benef i t  of more than $100 million. 
Weed in fes ta t ions  of croplands i n  the  U.S. cause an e s t i m t e d  l o s s  
of $3.8 billion.86 Remote sensing techniques (v ia  s a t e l l i t e )  f o r  
locat ing and assess ing weed in fes ta t ions  could r e s u l t  i n  economic 
benef i t s  of $300 - 400 mill ion per year i f  only a 10-15% reduction 
could be achieved i n  losses  due t o  weeds. Similar savings f o r  insect  
and crop disease  detect ion could be real ized.  
Cat t le  production could be increased i n  the  U.S. if s a t e l l i t e  
detect ion were provided of nu t r ien t  de f i c i en t  areas,  overgrazing, 
brush and weed infes ta t ion,  and other  range mnagement problems. If 
a 10% increase i n  calves (by 3.5 mill ion) resulted,  t h i s  could mean 
a n  annual ex t ra  income of $350 million. 
Floods cos t  an  annual l o s s  of $1 b i l l i o n  i n  the  U. S. about 
two th i rd s  over ag r i cu l t u r a l  land.87 An annual reduction of 10% i n  
flooding l o s se s  could save $100 mill ion.  S a t e l l i t e  sensing could 
loca te  and i den t i fy  inadequate surface cover, uncontrolled erosion 
and other watershed problems. It should be noted t ha t  the  t o t a l  
ex i s t ing  c a p i t a l  investment i n  water resources f a c i l i t i e s  of a l l  
types i n  the  United S ta tes  i s  about $235 b i l l i o n .  88 
The cos t  of a national  f o r e s t  inventory of the  508.8 mill ion 
ac res  of commercial f o r e s t s  i n  t h e  U,S. i s  $10.7 million. S a t e l l i t e  
sensing could reduce t h i s  cost  considerably a s  well  a s  permit a 
reduction i n  the  a rea  of f o r e s t s  damaged o r  destroyed by f i r e ,  
Timber production increase by detect ion of nu t r ien t  deficiencies,  
insect  and disease  in fes ta t ion  could produce economic benef i ts  of 
tens  of mill ions of d o l l a r ~ . ~ 9  
8 7 ~ a t e r  Facts, U. S. Depzrtment of Agriculture Report, 1957 
88 Ibid , ,  p, 60,  
89 boc, c i t , ,  p, 49, 
89 
The vrorEdPs undeveloped mineral resoupees a r e  large enough t o  
support future demnd-s only  if imdgiraa"cve new ways axe Pound to 
discover, extract ,  and e f fec t ive ly  use such resources. Sa-telbi-te 
sensing of mineral d-eposits cou-ld dupl icate  f o r  example the Canadian 
airborne f inds  of t he  Manitoba mickel deposi ts  and t he  base metal i n  
Ontario. These two deposits  alone a r e  worth several  b i l l i o n  do l la r s .  
I n  Missouri a e r i a l  surveys discovered i ron ore a t  1,300 f e e t  below 
the  surface present ly  valued a t  $2 b i l l i on .  S a t e l l i t e s  may discover 
even deeper deposi ts  msked by surface features .  
To map the  e n t i r e  ea r th ' s  surface by a e r i a l  photography, it 
would cost  $174 mill ion based on $3 per square mile f o r  the  58 mil l ion 
square miles of land surface. The cos t  f igures  a r e  substantiated by 
a 10 year record of contract  purchases fo r  a e r i a l  mapping photography. 
S a t e l l i t e  photography f o r  t he  same purpose would cost  approximately 
$17 million. The value of more accurate m p s  t o  t h e  U.S. would amount 
t o  approximately $680 mil l ion annually, and applied on a global  ba s i s  
could exceed $10 b i l l i o n .  9' It should be noted t h a t  l e s s  than ha l f  
of the  world has been adequately surveyed. 
S a t e l l i t e  sensing f o r  co l lec t ion  of oceanographic data f o r  
construction of fu tu re  U.S. sewage treatment plants  could r e s u l t  i n  
savings of $80 mil l ion annually i n  construction and operating costs .  9 l  
The s a t e l l i t e  co l lec t ion  of oceanographic data  f o r  improving ship 
rout ing techniques should e f f e c t  a considerable saving of the  
estimated $5 b i l l i o n  shipping b i l l  (by 1975) and the  estimated 
$5 b i l l i o n  other non-military a c t i v i t y  a t  sea. A ship  with an 
operating cos t  of $3,000 per day can save $1,500 with a 12-hour 
time saving due t o  improved routing.  
I n  t he  a rea  of long-range weather forecasting, i n  addi t ion t o  
what has been reported elsewhere i n  t h i s  thes i s ,  a  fu r ther  breakdown 
of estimated savings i s  noted below a s  provided by the  National 
Academy of Sciences - National Research Council, 
FIeatkber Forecast S3,vinns 
Annual Worth Annual Savings 
Type of A c t L v i t y  (millions) (millions) - 
Flood a,nd Storm. D3,msge $ 280 $ 70 - ~ 4 0  
New Construct ion 59, 000 I, 000 
Fuels and E lec t r i c  Power 40,000 500 
Fru i t  - vegetable production 3,200 500 
Livestock production 9,000 450 
Total  Saving ... 2,500 
Cloud seeding as a means of increasing r a i n f a l l  and dispersing fog 
i s  being increasingly considered. Space vehicles a r e  being considered 
a s  the  del ivery vehicle f o r  the  seeding agents. The economic benef i ts  
have been determined f o r  a Pacif ic  Coast public water u t i l i t y ,  i f  
p rec ip i ta t ion  could be increased by lo$, it would be worth $200,000 
t o  the  l a rge  watershed i n  question. An a i r l i n e  has estimated reduction 
i n  operating expenses from fog dispersion were worth a t  l e a s t  5 times 
seeding costs.  
I f  hurricane i n t ens i t y  could be a l t e r ed  o r  changed or  the  p t h  
changed, the  $250 mill ion annual losses  due t o  hurricanes could be 
reduced by more than $80 million. 
I n  the  a rea  of air  pollution, s a t e l l i t e  sensing w i l l  play a very 
important ro le .  The economic issues  involved i n  air pol lut ion a r e  on 
a t r u l y  impressive scale.  Even without a t taching any monetary value 
t o  the  time l o s t  from work and shortened l i f e  span due t o  pollution,  
t he  s t r i c t l y  economic damages on t ha t  account i n  the  United S ta tes  
have been estimated i n  b i l l i o n s  of do l la r s  annually. 9* 
What is r ead i l y  apparent from a l l  of t he  above f igures  i s  t h a t  
large  amounts of data  can be col lected from s a t e l l i t e s  a t  an exceed- 
ingly low cos t  and can cause enormous economic benef i t s  t o  the  
nation and t o  t he  world. 
SUMMFlRY AND CONCLUSIONS 
During D r .  Pa ine ' s  testimony93 a n  i n t e r e s t i n g  discuss ion took 
place between D r .  Paine and Senator Margaret Chase Smith of Maine 
regarding NASA's plans f o r  presenting space b e n e f i t s  t o  t h e  public;  
Senator Smith of Maine. Thank you M r .  Chairman. 
D e n a t o r  Clinton P. Anderson, New ~ e x i c g  
Thank you D r .  Paine f o r  a very comprehensive 
statement. I f i n d  it very i n t e r e s t i n g  and I a m  
sure  a l l  of those i n  at tendance a t  t h e  hearing 
t h i s  morning f ind  it so. 
I do agree, however, with t h e  chairman, t h a t  we 
a r e  not g e t t i n g  t h e  a c t u a l  b e n e f i t s  ac ross  t o  
t h e  public. This may be a beginning, I thought 
from our conversation a t  t h e  previous hearing 
when w e  discussed t h i s  matter t h a t  you hoped 
t o  have a plan t o  present  t o  us as t o  how you 
a r e  going t o  get  a l l  of these  accomplishments 
and b e n e f i t s  out t o  t h e  public.  I note you say 
i n  your statement t h a t  you th ink  your agency has  
done a n  unmatched job of public education i n  
bringing t h e  f a c t s  of our h ighly  t echn ica l  space 
program t o  t h e  general  public.  I t h i n k  you have 
with regard t o  t echn ica l  f a c t s .  But it is not 
t h e  t echn ica l  f a c t s  that we were .talking about 
t h e  o ther  morning. It was t h e  p r a c t i c a l  b e n e f i t s  
which t h e  layman can understand t h a t  w i l l  h e l p  
us ge t  across  t o  t h e  public and t o  the  Senate 
t h e  need f o r  t h i s  program. You apparently have 
not come up with such a program. 
Dr .  Faine. Well Senator Smith, we a r e  indeed 
taking t h i s  on a s  a very high p r i o r i t y  item. 
I don ' t  have a new program t o  repor t  t o  you 
t h i s  morning. The very f a c t  t h a t  the  committee 
has  requested these  hearings has caused us  t o  
reexamine the  degree i n  which we a r e  e f f e c t i v e l y  
t e l l i n g  t h i s  story, 
And although I did say and 1 believe that w e  have 
done a Sine job in ge t t ing  t h i s  highly- technical  
message across  t o  the  people as t o  wha,t i s  going 
on i n  t he  s p c e  program, a t  t he  same time I agree 
completely with you t ha t  t he  s to ry  of the  benef i t s  
from space t o  the  man in  t h e  s t r e e t  and t o  the 
public and t o  the  Nation is  the  hardest  pa r t  of our 
e n t i r e  communication problem. It i s  the  par t  t h a t  
very de f in i t e ly  should be receiving now new emphasis 
on our par t .  
I a m  not s a t i s f i e d  with that pa r t  any more than you 
are .  It i s  a very d i f f i c u l t  s to ry  t o  t e l l  and we 
cer ta in ly  must f i nd  b e t t e r  ways t o  do it. 
Senator Smith of Maine. Well, i f  you don't, we 
won't be ab le  t o  continue t o  s e l l  the program t o  
the  Senate and t o  t he  Congress and that t o  me is 
very e s s e n t i a l  i f  t h i s  g rea t  program is  t o  con- 
t inue i n  the  future .  
D r .  Paine made a t e l l i n g  point  i n  a philosophical statement 94 
about t he  method t o  be u t i l i z e d  i n  accomplishing nat ional  goals; 
Now I think there  i s  one other point  which I 
mentioned b r i e f l y  i n  my testimony but which I 
would l i k e  t o  mention again, and t h a t  is  t h a t  
one of the  impressive th ings  about t h e  space 
age i n  the  l a s t  12 years t h a t  r e a l l y  puts t he  
l i e  t o  those who claim that we have t o  r ad i ca l l y  
res t ruc ture  our socie ty  today is t he  f a c t  t ha t  
NASA was ab le  t o  work within the  great  f l e x i -  
b i l i t y  of ex i s t ing  U. S. i n s t i t u t i ons .  We d idn ' t  
change t he  c i v i l  service l a w s  i n  order f o r  NASA 
t o  go t o  t h e  moon. We d idn ' t  change the  funda- 
mental s t ruc ture  of our univers i t ies ,  or  of our 
f r e e  en te rpr i se  system. A l l  of t h i s  was done 
within American i n s t i t u t i ons  and those who say 
today t h a t  i n  order t o  make America move forward 
t o  the  future,  we have t o  t e a r  things down I 
think need only look a t  t he  successes which NASA 
has had working within the  system as a vivid  
demonstration t ha t  t h i s  country has the  f l e x i -  
b i l i t y  within i t s  i n s t i t u t i ons  t o  accomplish 
anything which the  people of t h i s  Nation decide 
they w i l l  accomplish. 
During t h e  course of D r .  Paine ' s  testimony95 an in te res t ing  
comment was mde about people with lack of fores ight  by Senator 
Carl T, C u r t i s s ,  Nebraska; 
E n c l d e n t a l ~ ,  I a m  not too disturbed about ind-ividuaLs 
questioning the  value of  t he  space  program, A b r i l -  
Hiant young lawyer here working fo r  the  mverment  t.rho 
i s  an a t torney for  the  Committee on Rules and Admlnis- 
t r a t i on ,  Mr. Burkett Van Kirk, comes from my s t a t e ,  
H i s  grandfather was the  dist inguished U, S. Senator, 
E. J. Burkett from Nebraska, who preceded me i n  the  
House of Representatives f o r  the  F i r s t  D i s t r i c t  
many years before, and then served i n  the  Senate. 
A t  t he  time t he  a i rplane w a s  being developed, he 
journeyed from Washington t o  watch a demonstration 
of the  a i rplane as a member of the  Mi l i t a ry  Affairs 
Committee, came back and signed a repor t  and sa id  
it was a very in te res t ing  experience but it would 
have no mil i tary  application.  And it has been the  
source of considerable amusement since then 
The objectives of t he  nat ional  space program can be defined a s  
the  expansion of human knowledge through space exploration, t he  develop- 
ment and operation of space systems, the  appl icat ion of space science 
and technology t o  problems on earth,  and the  maintenance of nat ional  
secur i ty .  
A s  t h i s  t he s i s  has t r i e d  t o  develop, i n  working toward t he  above 
objectives,  the  space program r e s u l t s  i n  the  creat ion of wealth through 
the  advancement and dissemination of new s c i e n t i f i c  knowledge and new 
technical  developments. It i s  very d i f f i c u l t  and it may not be possible 
i n  view of our imperfect understanding of the  in te rac t ion  of a l l  soc i a l  
forces  t o  measure the  output t h a t  is  d i r e c t l y  r e l a t ed  t o  space invest -  
ments of t he  l a s t  10 or  12 years. 
Representa+tive Richard Z. Roudebush o f  Indiana commented on the  overa l l  
aspects and fluljor-tanee of the  s-pace program t o  the United Sta tes ,  96 
We a r e  i n  t he  age of' space whether w e  l i k e  it o r  ~ot, 
and there  i s  no turning our backs t o  it, To do so 
would mean leaving t he  space arena f r e e  and open t o  
other, probably l e s s  f r iendly ,  powers who would have 
no qualms whatsoever about using t h e  power thus 
derived toward t h e i r  own ends and not necessari ly 
t o  our benef i t .  
History t e l l s  us t h a t  nations t h a t  have paced t h e  
world remained on top  only so long a s  they had t h e  
v i s ion  t o  develop t h e i r  technologies and t h e i r  
resources. Ancient Greece, t he  Roman Empire, and 
sixteenth-century Spain were a l l  world leaders;  
t ha t  is, a s  long as they kept developing t h e i r  
technologies, but  when those g rea t  empires began 
t o  concentrate t h e i r  energies exclusively on 
i n t e rna l  problems they l e t  t h e i r  technologies s l i p  
and t he  empires toppled from the  posi t ion of world 
leadership . 
.................................................. 
Another res idua l  value i s  t he  pr ide  i n  our accom- 
plishment. This should not be undervalued. Neither 
should t h e  good w i l l  that it has created throughout 
t h e  world. I n  a decade marked by war it i s  ce r ta in ly  
a good legacy t o  leave f o r  t he  1960 ' s . An American 
foo ts tep  and t he  American f l a g  i s  on the  lunar sur- 
face  as a permanent demonstration of our a b i l i t y  t o  
accomplish t he  impossible . 
................................................... 
Why space? Space because i f  we give i n  now t o  the  
temptation t o  s lack off  on s c i e n t i f i c  research and 
development, we w i l l  no longer be the  most powerful 
nation with t he  highest  standard of l iv ing .  Instead 
we w i l l  l i v e  by whatever generosity and whatever 
grace m y  be allowed us by t he  nation, who, by i ts  
vigorous program of science and technological 
advancement, takes  our posit ion.  
96~peech by Representa"t5ve Richard L. Roud-ebush, Indiana, Member of 
the  Committee on Science and Astronautics, t i t l e d :  
given in the  5th D i s t r i e t  of Indiana, June bg70, 
t ior i  of the b e n e f i t s  t h a t  accrue to a society was 
m,de by Dr. J. B e l l ,  Director of ReLiabill-ty, A, C. ELeetronFes, in a 
paper by North American ~oskweEb~97 D r .  Be l l  sa id :  
I t ' s  f o o l i s h  t o  underestimate t h e  push indust ry  
rece ives  from urgent na t iona l  needs and goals. We 
saw what World War I d i d  f o r  a i rp lanes .  It l i f t e d  
t h e  a i r p l a n e  from a country-fa i r  a t t r a c t i o n  t o  an 
e n t i r e l y  new concept of warfare and t ranspor ta t ion ,  
Look a t  radar .  Before World War 11, radar  was on 
a slow burner. Then t h e  w a r  rammed t h e  needs f o r  
r adar  up forward and the  r e s u l t  has  been a n  e n t i r e l y  
new industry, t e l ev i s ion .  American indust ry  has 
always been st imulated by na t iona l  goals, j u s t  a s  
we've been pushed forward by t h e  needs of t h e  moon 
program. We needed that goal, t h a t  t imetable,  that 
concerted nat ional  e f f o r t . . . .  
Representat ive Fulton of Pennsylvania f e e l s  t h a t  perhaps t h e  
g r e a t e s t  spinoff  of a l l  from i n t e r n a t i o n a l  cooperative space explora- 
t i o n  might i n  t h e  u l t imate  be world peace.98 
War has  been a way of l i f e  on e a r t h  f o r  many cen- 
t u r i e s ;  it has been mankind's p r inc ipa l  means of 
meeting h i s  w i l l  t o  contes t ,  Now, f o r  b e t t e r  o r  
worse, our c i v i l i z a t i o n  has reached another epochal 
extension of mankind's horizon from e a r t h  i n t o  outer  
space. Our nation w a s  not alone i n  bringing it about, 
and we cannot s top it; we can only pa r t i c ipa te ,  pre- 
f e r a b l y  as a leader.  
Nations no doubt w i l l  always engage i n  competition 
with each other  i n  many ways - economically, scien- 
t if  i c a l l y  and cu l tu ra l ly .  But given t h e  universe 
as a n  arena, with a p o t e n t i a l  of consummate achieve- 
ment, it is  not beyond t h e  realm of conjecture t h a t  
nat ions could tu rn  from v i o l e n t  c o n f l i c t  on e a r t h  
t o  peaceful  contention i n  space. This i s  not a 
predic t ion;  a t  t h i s  s tage  it i s  j u s t  a concept - 
one t h a t  can become a new and g rea te r  goal  f o r  a l l  
mankind. 
d up h i s  Congressional testirnonygg i n  a succinct  
statement ~ rh ieh  will axso proyide  or?e nf  three conelu8ing statements 
of t h i s  t h e s i s :  
The fu tu re  i s  f a r  more d ~ i f f i c u l t  t o  p red ic t  than t h e  
past  is  t o  analyze, but  a s  space exploration and 
appl icat ions  mature and a s  new technologies f ind  
ever increasing uses, I f e e l  t h a t  t he  economic 
re turns  we w i l l  measure i n  the  second decade w i l l  
continue t o  be i n  l a rge  multiples of t h e i r  cost .  
This ignores the  irnmeasurables - I can place no 
do l l a r  value on nat ional  securi ty,  on a s t ab l e  
in te rna t iona l  scene, on l i v e s  saved, on knowledge 
gained, on nat ional  self-confidence and pride. 
Yet a l l  these  and more a r e  a l ready the  f r u i t s  of 
our pas t  investments. 
The second concluding statement is quoted from President Nixon's 
Space Report t o  t h e  Congress; loo 
Our space and aeronautics program has benefi ted 
t h i s  Nation i n  many ways. It has contributed t o  
our nat ional  securi ty,  t o  our educational, t rans-  
portation, and commercial strength, t o  our s c i e n t i f i c  
and medical knowledge, t o  our in te rna t iona l  posi t ion 
and t o  our sense of the  d ign i ty  and capacity of man. 
And the  s t o ry  is  only beginning. We have made long 
s t r i d e s  i n to  the  fu ture  during the  past  year; now 
we must bui ld  on those accomplishments i n  t he  coming 
years and decades. 
D l ~ h e  t h i r d  concluding statement i s  by Haggerty who eloquently 
sums up h i s  a r t i c l e  on space program benef i ts  by saying; 
Space enthusias ts  a r e  fond of a s se r t i ng  t ha t  the  
people of t he  twenty-f i rs t  century w i l l  look back 
upon t he  United S ta tes  venture i n to  space and 
declare it t o  be t he  best  investment i n  the  fu ture  
ever made by any nation. That seems very l i ke ly .  
But from t h e  evidence a t  hand, even those of use who 
cannot expect t o  see the  next century may be ab le  
t o  say a s  much - within t h i s  new decade. 
"%resident ' s  S p c r  Report, op. c i t  . , message of t r ansmi t t a l ,  
' O L ~ g g e r t y ,  op. e i t . ,  p. 15. 
Books 
Samuelson, Paul A , ,  "~conomics, " College Textbook, 8 th  Edition. 
McGraw H i l l .  
Periodicals 
Alexander, Tom, "The Unexpected Payoff of Project  Apollo, " Fortune 
Magazine, JLII-~ 1969. 
Anders, W i l l i a m ,  "The Moon, the  Earth, and t he  Future, " Boys Life  
Magazine, May 1970. 
"Ar t i f i c ia l  Sight Called Possible i n  Future, " The Sea t t l e  Times 
Newspaper, May 18, 1970. 
Butler, Sue,  he Microscope Came From a Useless Hobby, " Huntsville 
News -9 Huntsville, Alabama, August 17, 1970. 
Dighton, Ralph, AP Science Writer, "TV May Give Sight t o  Blind - 
- Camera F i t  i n  Eye Socket, '' 
Mount Vernon, N. Y., November 10 
 randfa father Rock Among Samples, " NASA Manned Spacecraft 
Center Newspaper, Houston, Texas, June 5, 1970, Vol. 16. 
Gregory, Dick, "Statement on Space Benefits, " 
Special Issue Commemorating t h e  F i r s t  Lunar hnd ing .  
Haggerty, James J.,  he Giant Harvest From Space - Today and Tomorrow, " 
A i r  Force and Space Digest, February 1970. 
Holman, Mary A.,  "Government Research and Development Inventions, a 
New Resource?, " Land Economics, August 1965. 
Imrnel, Richard A.,  "Space ~ l l o u t :  Data Banks Containing NASA Research 
Fru i t s  Help Many Companies; Research of $35 B i l l i on  Effor t  Available 
A t  Low Cost; Lockheed, L i t ton  Use Fi les ;  Building a Better  Oscil lo-  
scope, " W a l l  S t ree t  Journal, March 27, 1970. 
"Manned Spacecraft Center Ai rc ra f t  Searches fo r  Clues t o  Tuna Fish Grounds, " 
Roundup, NASA Manned Spacecraft Center Newspaper, Houston, Texas, 
September 11, 1970, Vol. 9, No. 23. 
"Myers Sees U.S, Approaching C r i t i c a l  Point i n  Space Budgets," Grwnman 
Aerospace Corporationi 9>ra,ne Uews A r t i c l e  (~ompany Newspaper) , 
Bethpge, N,Y,, VoL. 29, No, 21, November 30, l9'i'O. 
"NASA Aids In Effort to h v e  Corlz Crop, " Raov.nd~~p -.--T NASA Manned. Spacecraft 
Center News-paper, September 11, 1970, Vol, 9, No, 23,  
Melimn, Chrenee;,  over Ehts Hi@ on the  Hog, " 
Long Island, N, Y,, August 4, 1969, 
" ~ a y d i r t  i n  Moon Soil ,  " Newsday, Long I s l m d ,  N, Y, Newspaper, 
Janmry  6, 1970 
" ~ h a l l  We Abandon the  Demands of t he  Future," Space Daily, Washington, 
D. C., May, 1970. 
"Space Program Worth Cited - Direct  Link with Human Survival, " MSC - 
News, Houston, Texas, Vol. 8, No. 1, January 1970 issue.  
Stuhlinger, D r .  Ernst, "Why Explore Space, " Marshall (NASA) Space 
Summer 1970. 
" ~ e s t s  Show Water, Oxygen Available from Lunar Soil ,"  NASA 
Manned Spacecraft Center Newspaper, Houston, Texas, November 20, 
1970, Vol. 10, No. 2. 
"What Earthly Good i s  Space,? Answered i n  Materials f o r  Improved F i r e  
Safety Conference, " Roundup, NASA, Manned Spacecraft Center 
Newspaper, Houston, Texas, Vol. 9, No. 15, November 20, 1970. 
"Why Spend $20 B i l l i on  t o  Go t o  t he  Moon," U. S. News and World Report, 
An interview with t h e  NASA Administrator, James E. Webb, Ju ly  3, 
1961. 
"world Reaction t o  Moon  light," U.S. News and World Report, 
~ u g u s t  4, 1969. 
Speeches 
Biaggi, Mario, Representative, New York, Speech t o  the  Committee on 
Science and Astronautics on Spring 1970. 
Frey, Jr., Louis, Representative, Florida, Speech t o  t h e  Congressional 
science and ~ s t r o n a u t i c s  c o b i t t e e  on- Space Program Benefits,  
Apri l  21, 1970. 
Fulton, James G., Representative, Pennsylvania, Speech t o  t h e  Canadian 
Club i n  Hamilton, Ontario, on March 18, 1970. 
Helms, J. Lynn, Vice President, Aerospace Systems Group, the  Bendix Corp. 
Speech t o  the  Rotary Internat ional  during t he  University of Michigan's 
Sesquicentennial Celebration, 
on Investment, September 13, 1 
Lovell, James, Captain, U. S, Navy, U, S. Astronaut, Speech t o  Rockhurst 
Collegej Ka,,nsa,s City, Missouri, on Space Program BenefLts. May 14, 
1970 
Law, George M e  D r , ,  NASA- Acting Administrator, Speech i n  Houston, 
Texas, The -- Frontiers - of  Space, May 2, 1970, 
Lukens, D. E,,  Representative, Ohio, Speech %o the  Committee on Science 
and Astronautics, on S p c e  Program Benefits,  Spring 1970, 
Mosher, Charles A., Representative, Ohio, Speech t o  the  Cornittee on 
Science a,nd Astronautics, on Space Program -  benefit^^ A p r i l  23, 1970, 
Mueller, George E,  Dr , , Former Associate Adminis"c&or f o r  Manned 
Space Flight ,  Speech t o  t he  New York Society of Securi ty Analysts, 
N, Y,C. on January 28, 1969. 
Paine, Thornas O., Former NASA Administrator, Speech t o  t he  National 
Conference on Public Administration, M i a m i  Beach, Florida on 
Space Age Management and City ~dmin i s t r a t i on ,  May 20, 1969. 
Pe t t i s ,  J e r ry  L., Representative, California, Speech t o  the  Committee 
on Science and Astronautics on Space Program Benefits,  Spring 1970. 
Roudebush, Richard L., Representative, Indiana, Speech i n  t h e  5th 
D i s t r i c t  of Indiana on Space Program Benefits, June 1970. 
Symington, James W., Representative, Missouri, Speech t o  t h e  Committee 
on Science and Aeronautics on Apri l  23, 1970. 
Vander Jagt ,  Gw, Representative, Michigan, Speech given i n  t h e  9th  
Dis t r i c t ,  Michigan on 1970 e 
Miscellaneous 
"A Survey of Space Applications ... "for t h e  benef i t  of a l l  mankind." 
NASA Report SP-142, Office of Technology Uti l iza t ion,  Apr i l  1967, 
Washington, D. C. 
"Aeronautics and Space Report of the  President t o  t he  U. S. Congress, " 
Appendix F-1, January 1970. 
Blount, Earl,  Al ter ,  Dave, Levering, W. C., Space Program Benefits,  
Report by North American Rockwell Corporation, Space Division, 
Downey, California, Report No. S-21. 
"Conserving God's Good ~ a r t h , "  Bul le t in  of St .  Cyril  and Methodius 
Deer Park, New York, Octbber 11, 1970. 
Crop Research Publication, ARS 34-23, Department of Agriculture. 
Diethrich, Edward B., M. D., Liddicoat, John E., M, D., Schwartz, Arnold, 
Ph.D., Sordahl, Louis A., Ph.D., Brooks, David K., M.D. DeBakey, 
Michael E., M. D., "preservation of the  Human Heart, " Report by 
"Federal Funds f o r  Research, Development and Other Scient i f  i c  
Act iv i t i es ,  Fiscal. Years 1964, 1965 and 1966, Vol, XDJ, " Report 
Pub%Esa,tion NSF 65-19 
'"For the B e n e f i o f  311 %ralfind - A Survey o f  the PractTcaL R e t u n s  
From S ~ c e  Investment, It 
Johnson, U ,  Alexis, Ef fec t  of t h e  Space Program on America's Porergn 
Relat ions;  Paper of t h e  United S t a t e s  Department of Sta te ,  
Washington, D. C., A p r i l  3, 1970. 
Lesher, Richard L., Howick, George J., %ssess ing Technology Transfer,  " 
NASA Publ ica t ion SP-5067, 1966, Washington, D. C.  
Paine, Thomas O., Former NASA Administrator, Testimony before t h e  
Committee on Aeronautical and Space Sciences on Space Program 
Apr i l  6, 1970. 
"Pres ident ' s  Economic Report t o  t h e  Congress," 1970. 
"~roceed ings  of the  Winter Study on Uses of Manned Space   light" 
Report of  t h e  NASA Science and Technology Advisory Committee 
f o r  Manned S p c e  F l igh t  r epor t ing  on a conference a t  La J o l l a ,  
California,  December 1968, NASA Report SP-196. 
"The NASA S c i e n t i f i c  and Technical Information Syste, Its Scope and 
Coverage, " NASA Information Booklet, March 1970. 
Von Braun, Wernher, Proceedings of t h e  Fourth 
National Conference on the  Peaceful Uses of Space, Boston, Mass., 
A p r i l  1964, NASA Document SP 51, Washington, D. C. 
'hGJater Facts, " U. S. Department of  Agriculture Report, 1957. 
Aerospace Business, 72 
Aerospace Employment, 72 
A i r  Force and S p c e  Digest, 7 
Albert  Einste in  College of 
Medicine, 20 
Alcoholic expenditures, 3 
Alexander, Tom, 7 
Amino Acids, 49 
Anders, W i l l i a m ,  29 
Astronomy, 49 
Auto Safety Device, 46 
Aviation Week & Space 
Technology, 7 
Balance of Payment, 69 
Baylor College of Medicine, 25 
Berkner, Lloyd, 18 
Biaggi, Mario, 55 
Bible, Alan, 18 
Blindness, 20 
Boeing 747, 40 
Breathing Sensor, 23 




Cardiac Preservation Chamber, 25 
Carlson, Joseph M., ii 
Carousel IV Navigation 
Equipment, 40 
Clarke, Arthur C., 5 
Cloud Seeding, 91 
Communications Sa t e l l i t e ,  67, 73,88 
Comsat Corp, 42, 83 
Computer Industry, 71 
Computer Softwave and Management 
Center (COSMIC), 41, 86 
Cone, Clarence D,, Jr., 23 
Configuration Management, 62 
Crop Disease Ident i f ica t ion,  12 
Curtis, Carl T., 93 
Dentist  D r i l l ,  16 
Dickinson, Ph i l i p  P., 6 
Documentat ion, 74 
Dryden, Hugh, 6 
DuBridge, Lee, 77 
Dunne, Richard, ii 
Earth Resources Technology 
~ a t e l l i t e ,  33, 41, 86, 89 
E C O ~ O ~ Y ,  27 
Economic Benefits,  70 
Education Benefits,  77 
Electrode, Spray on, 26 
Employment Related t o  Space, 69, 72 
Environmental Science Services 
Admin. (ESSA), 38 
European Space Research Organi- 
za t ion (ESRO), 45 
Exob iology, 49 
Feinstein, Paul S., ii 
Fernandez -Moran, 24 
F i re  Prevention, 47 
Fish Tracking, 13 
Forecasts and Appraisals f o r  
Management Evaluation (FAME), 61 
Foreign Policy Benefits, 70 
Fortune, 7 
Freeway Tra f f i c  Control, 17 
Frey, Louis, Jr., 27 
Fulton, James G., 29 
Government -1ndus t r ia l  Complex, 58 
Grand Tour of Outer Planets, 53 
Gregory, Dick, 8 
Grooved Highways, 22 
Gross National Product, 8% 
G ~ u J w B ~ - ~ - ~  25 , 59 
Haggerty, James, J., 7, 31, 97 
Harr, Karl  G., Jr,, 7 
Heart Monitor, 23 
Heart Probe, Miniature, 23 
Helms, Lynn J., 5 
Holmes, Brainerd, 60 
Hoyle, Fred, 28 
Hurricane Warning, 34 
I 
- 
Income Mul t ip l i e r  Theory, 70, 86 
Information Flow, 74 
Indian S a t e l l i t e  TV Communica- 
t ions ,  43, 88 
Insec t  t racking,  1 5  
In tegra ted  Medical Behavioral 
Laboratory, 23 
I n t e l s a t  Corp., 42 
Inventions, 80 
Johnson, Lyndon B,, 6 
L 
- 
Laminar Flow, 2 1  
Langley Research Center, 23 
Lewin, Ar ie  Y., ii 
Liccardi ,  A. L., ii 
L i t e r a t u r e  Searches, 76 
Lovell, James 34 
Low, George, 1 7  
Lukens, D. E., 36 
Lunar B p l o r a t i o n ,  50 
Lunar Soi l ,  29, 46 
M 
- 
Management S k i l l s ,  56 
Mann, R. W., 20 
Manufacturing i n  Space, 51 
Mariner Spacecraft,  49 
Martian Expedition, 52 
Medical Benefi ts ,  20 
Meteorological S a t e l l i t e ,  37 
Microscope, 9 
Miller, George P a ,  33 
Mineral &p%oration, 31 
Mosher, Charles A,, 33 
F/lueller, Gorge E, , 4, 60 
Mulcahy, Bertram. A,, ii 
Mul t ip l i e r  Effect ,  70, 86 
J!@ers, Dale, ii 
N ~ S A / ~ C O N ,  45 
National Academy of Sciences, 8 
Ijavigation a t e l l i t e ,  14, 39, 84 
Navy NAVSAT, 14 
Nimbus S a t e l l i t e ,  35 
Nixon, Richard M., 6 
North American Rockwell Corp., 54 
Oregon S t a t e  Univ., 13 
P 
- 
Paine, ~homas o., 56 
Patent  Policy, 79 
Pet  Food expenditures, 3 
P e t t  is, J e r r y  L., 43, 48 
P h i l l i p s ,  Samuel, 60 
Pollut ion,  A i r ,  91 
Pro j ec t i zed  Organization, 60 
Proxmire, W i l l i a m ,  18 
Public Informat ion Program, 92 
R 
- 
Radio, TV, Record expenditures, 3 
R e l i a b i l i t y ,  62 
Riley, Joseph A , ,  ii 
Roudebush, Richard L., 95 
Ruge, Daniel F., ii 
s 
- 
Samuelson, Paul A., 86 
Schimmel, Herbert, 2 1  
S c i e n t i f i c  and Technical Aero- 
space Reports (STAR), 75 
Seaborg, Glenn T., 8 
Seamans, Robert, Jr., 57 
Shoe expenditures, 3 
Shut t le ,  52 
Skurla, George, 59 
Skylab, 51  
Smith, Chase Margaret, 92 
Space Base, 51 
Space Stat ion,  51 
Stanford Research I n s t i t u t e ?  8 
S t e e l  thickness, 16 
Stuhlinger, Ernst,  9 
Swgica,T Smpbntat Lon, 22 
Sflington, James W, , 8 
Synchronous S a t e l l i t e ,  37 
Teflon, 45 
Tobaceo expenditures, 3 
Urban Management, 65 
Urban Problems, 63 
Vander Jagt, Guy, 45 
Vaughan, Herbert  G., 20 
Von Braun, Wernher, 4 
Iqaslningtsn Postt 7 
Weather Control, 1 5  
Weather Forecasting, 35, 90 
Weather bSaSateel% 25 
Webb, James E., 17 
World Meteorological  Center, 33 
Wydler, John W., 25 
NASA ---- 
